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NEW  ADDITIONS  AND  PERSISTENCE  OF  THE 
INTRODUCED  FISHES  OF  THE  UPPER  SAN  ANTONIO  RIVER, 
BEXAR  COUNTY,  TEXAS 

Robert  J.  Edwards 

Department  of  Biology 
The  University  of  Texas-Pan  American 

Edinburg,  Texas  78539 

Abstract.— The  fish  fauna  of  the  upper  San  Antonio  River,  Bexar  County,  Texas, 
includes  ten  introduced  species  ( Astyanax  mexicanus,  Hypostomus  sp.,  Poecilia  reticulata, 
P.  latipinna,  Xiphophorus  helleri,  Belonesox  belizanus,  Cichlasoma  cyanoguttatum, 
Oreochromis  mossambicus ,  O.  aurea  and  Tilapia  zilli ).  A  recent  sample  from  this 
environment  contained  nine  of  the  ten  known  introduced  species,  as  well  as  two  additional 
species  (the  vermiculated  highfin  catfish,  Pterygoplichthys  disjunctives,  and  the  Amazon 
molly,  Poecilia formosa ),  that  were,  heretofore,  not  found  from  this  location.  The  only  fish 
known  to  have  been  introduced  but  not  taken  in  this  collection,  was  Belonesox  belizanus ,  a 
species  introduced  in  the  early  1960s  and  not  captured  or  observed  for  more  than  30  years 
and  believed  to  be  extirpated.  The  introduced  fishes  appear  to  be  having  a  substantial  impact 
upon  the  native  fishes  of  this  river.  Introduced  species  made  up  61%  of  the  species,  17% 
of  the  individuals,  and  62%  of  the  biomass  of  the  sample.  It  further  appears  that  urban 
influences  have  had  a  major  impact  upon  the  conditions  leading  to  the  present  fish 
assemblage. 


The  native  fauna  of  the  San  Antonio  River  has  long  been  subjected  to 
biological  invasions  of  non-native  species  (Hubbs  et  al.  1978).  These 
introductions  are  suspected  to  have  modified  the  fish  communities  by 
various  ecological  means  including  changes  resulting  from  competition, 
predation  and  interference  as  a  result  of  overall  similarities  in  habitat  use 
and  reductions  from  overcrowding.  By  1977,  six  introduced  fishes  were 
found  in  the  San  Antonio  River  (Hubbs  et  al.  1978).  An  additional 
species,  Belonesox  belizanus ,  known  to  have  been  introduced  in  the 
previous  decade,  had  become  extirpated  (Hubbs  et  al.  1978).  By  1990, 
three  additional  fishes  ( Xiphophorus  helleri ,  Oreochromis  aureus  and 
Tilapia  zilli )  had  been  introduced  into  the  river,  and  another  earlier 
introduction,  Poecilia  reticulata,  found  in  1977,  was  thought  to  have 
been  eliminated  from  the  system  (Howells  1992).  It  was  the  purpose  of 
this  study  to  determine  whether  these  observed  changes  had  stabilized 
over  the  past  decade  or  if  the  introduced  forms  had  continued  to  have  a 
substantial  impact  on  the  native  fish  fauna  of  this  river. 
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Materials  and  Methods 

The  upper  San  Antonio  River  was  sampled  on  7  August  2000  using 
two  4.5  m  small  mesh  common-sense  minnow  seines.  Concentrated 
efforts  were  made  in  two  areas.  First,  an  approximate  150  m  section 
was  sampled  in  Brackenridge  Park  immediately  east  of  the  zoo  entrance, 
approximately  200  m  downstream  from  the  Witte  Museum.  Specimens 
were  captured  in  the  main  river  and  one  of  the  ditches  draining  the 
stream  system  of  the  zoo.  A  second  site  was  also  sampled.  This  was 
a  150  m  stretch  of  the  river  approximately  3  km  downstream,  in  the  area 
immediately  below  the  abandoned  low  water  crossing  connecting  River 
Road  and  Avenue  A.  These  areas  correspond  to  the  areas  most  exten¬ 
sively  sampled  by  Hubbs  et  al.  (1978)  in  their  study  of  the  introduced 
fishes  of  the  upper  San  Antonio  River.  Captured  specimens  were 
preserved  and  in  the  laboratory,  identified,  and  the  individuals  of  each 
species  were  counted  and  weighed  to  the  nearest  0. 1  g.  Voucher  speci¬ 
mens  have  been  deposited  in  the  Texas  Natural  History  Collections 
(TNHC),  The  University  of  Texas  at  Austin. 

Results 

Eighteen  species  were  collected  (Table  1),  seven  native  species 
( Cyprinella  lutrensis,  Notropis  amabilis,  Notropis  volucellus,  Gambusia 
affinis,  Micropterus  salmoides,  Lepomis  megalotis  and  L.  punctatus)  and 
eleven  introduced  species,  including  (. Astyanax  mexicanus,  Hypostomus 
sp.,  Pterygoplichthys  disjunctivus,  Poecilia  reticulata,  P.  latipinna,  P. 
formosa,  Xiphophorus  helleri,  Cichlasoma  cyanoguttatum,  Oreochromis 
mossambicus,  O.  aurea  and  Tilapia  zilli).  The  distribution  and  abun¬ 
dance  of  these  species  are  discussed  below. 

Notropis  amabilis. — Texas  shiners  were  primarily  captured  at  the 
uppermost  site  where  they  were  found  to  be  abundant  inhabiting  the 
swift  waters  below  the  low  water  road  crossing  in  Brackenridge  Park. 
Nearly  all  individuals  possessed  "flared"  gills,  suggesting  the  parasitic 
digenetic  trematode  infection  (McDermott  2000)  found  in  other  fishes  in 
nearby  Comal  and  San  Marcos  spring  runs  and  in  various  spring-fed 
streams  in  west  Texas. 

Notropis  volucellus. — All  captured  mimic  shiners  were  taken  from  the 
lower  station  where  they  were  captured  over  moderately  flowing  water 
over  a  silted  sand  and  gravel  substrate. 
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Table  1 .  Introduced  and  native  fishes  captured  in  the  upper  San  Antonio  River,  Texas.  The 
date  of  first  introduction,  if  known,  is  indicated  and  the  presence  of  each  species  during 
various  historical  collections  reported  by  Hubbs  et  al.  (1978)  and  Howells  (1992)  is 
shown.  The  numbers  reported  for  this  study  are  the  percent  contribution  of  each  species 
by  number  and  biomass  (in  parenthesis)  in  the  collected  sample. 


Species 

Approximate  Date  of 
Introduction  (citation) 

1977 

1985-90  This  Study 
2000 

Introduced  Species 

Astyanax  mexicanus 

1908  (Brown  1953) 

X 

X 

1.9%  (7.4%) 

Belinesox  belizanus 

early- 1960s  (Barron  1964) 

Poecilia  reticulata 

1970s?  (Hubbs  1978) 

X 

0.3%  (0.1%) 

Poecilia  latipinna 

1939  (Brown  1953) 

X 

X 

2.5%  (2.5%) 

Poecilia  formosa 

late- 1990s?  (this  study) 

2.7%  (3.2%) 

Xiphophorus  helleri 

mid-1980s  (Howells  1992) 

X 

0.1%  (0.03%) 

Hypostomus  sp. 

1956  (Barron  1964) 

X 

X 

0.1%  (3.6%) 

Pterygoplichthys  disjunctive 

mid-1990s?  (this  study) 

0. 1  %  ( 1 7 . 7  % ) 

Cichlasoma  cyanoguttatum 

1929  (Brown  1953) 

X 

X 

1.5%  (0.6%) 

Oreochromis  mossambicus 

late-  1950s  (Brown  1961) 

X 

X 

6.8%(23.2%) 

Oreochromis  aureus 

late- 1980s  (Howells  1991) 

X 

1.2%  (3.1%) 

Tilapia  zilli 

1978  (Hubbs  1982) 

X 

0.3%  (0.4%) 

Native  Species 

Notropis  amabilis 

8.7%  (5.6%) 

Notropis  volucellus 

0.8%  (0.6%) 

Cyprinella  lutrensis 

4.7%  (6.2%) 

Gambusia  affinis 

68.0%(21 .4%) 

Micropterus  salmoides 

0.2%  (2.4%) 

Lepomis  megalotis 

0.3%  (1.8%) 

Lepomis  punctatus 

0.1%  (0.2%) 

N  Captured  (Mass  in  g) 

1982  (2121.0  g) 

Cyprinella  lutrensis.—  Red  shiners  were  found  ubiquitously  throughout 
the  study  area  in  the  main  channel.  This  species  was  captured  in  swift 
as  well  as  slow  moving  waters  and  backwaters.  They  were  not  abundant 
in  the  side  channel  emptying  from  the  San  Antonio  Zoo. 

Astyanax  mexicanus Mexican  tetras  were  found  to  be  abundant 
throughout  the  study  area,  especially  in  the  swift  moving  waters  in  the 
deeper  channels.  Mexican  tetras  were  first  found  in  the  San  Antonio 
River  system  in  1908  (Brown  1953)  and  were  also  found  to  be  abundant 
during  the  earlier  studies  by  Hubbs  et  al.  (1978)  and  Howells  (1992). 

Hypostomus  sp.— The  armadillo  del  rio  was  first  introduced  in  1956 
into  the  river  (Barron  1964)  and  has  maintained  a  large  and  obvious 
presence  since.  The  taxonomy  of  this  genus  remains  uncertain,  so 
species  identification  is  not  possible  at  this  time  (Page  1994).  The 
specimen  captured  was  found  among  large  rocks  in  the  swift  water  of 
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the  main  channel  below  the  low  water  road  crossing  in  Brackenridge 
Park,  however  many  individuals  were  observed  near  the  concrete  blocks 
at  the  other  low  water  road  crossings  in  the  study  area.  Unfortunately, 
these  individuals  proved  difficult  to  capture  with  seines.  A  local  "pleco 
collector"  along  the  river  noted  that  the  abundance  of  "plecostomus" 
has  declined  dramatically  following  the  heavy  rains  and  flooding  that 
followed  a  severe  rain  event  in  the  summer  of  1998  (Allen,  pers. 
comm.). 

Pterygoplichthys  disjunctivus . — This  is  the  first  report  of  the  loricariid 
vermiculated  sailfin  catfish  from  the  San  Antonio  River.  Two  specimens 
were  captured.  The  first  was  a  juvenile  (42  mm  SL)  and  the  other  an 
adult  (265  mm  SL).  These  were  also  found  in  the  large  rocks  below  the 
low  water  road  crossing  in  the  park.  As  with  Hypostomus ,  numerous 
individuals  were  observed  attached  to  the  concrete  blocks  downstream 
from  the  low  water  road  crossings  in  the  area.  This  species,  commonly 
found  in  the  aquarium  trade,  has  been  established  in  the  Buffalo  Bayou 
system  in  Houston  since  at  least  1996  (Nico  &  Martin  2001)  and  an 
additional  230  mm  SL  specimen  was  captured  by  this  author  in  July 
2000,  in  Sims  Bayou,  part  of  the  same  Buffalo  Bayou  system.  The  first 
specimen  taken  of  this  species  in  central  Texas  was  on  5  September 
1996  in  the  San  Marcos  River  by  U.S.  Fish  and  Wildlife  Service  biolo¬ 
gists  in  their  study  of  the  springrun  fauna  during  1994-1996.  A  15  mm 
SL  individual  was  trapped  in  the  upper  spring  run  in  the  City  Park  area 
and  this  and  the  individual  captured  from  Houston  have  been  deposited 
in  the  TNHC  museum  collections.  All  specimens  fit  the  description  of 
the  species  given  by  Ludlow  &  Walsh  (1991)  and  Page  (1994)  for 
individuals  introduced  into  the  Tampa,  Florida  area.  This  form  is 
similar  to  individuals  from  the  Rio  Madeira  drainage  (Amazon  River 
basin)  of  Brazil  and  Bolivia  and  commonly  raised  in  Florida  tropical  fish 
farms  (Page  1994).  A  variety  of  sailfin  armored  catfishes,  Ptery¬ 
goplichthys ,  have  been  reported  from  Florida,  Hawaii,  South  Carolina, 
and  now  Texas  (Fuller  et  al.  1999).  The  two  species  of  Loricariidae 
presently  found  in  Texas  waters  are  easily  distinguished.  Hypostomus 
sp.  has  a  much  more  spotted  color  pattern,  has  a  lighter  brown  back¬ 
ground  color  and  possesses  one  spine  and  seven  soft  rays  on  its  dorsal 
fin.  Pterygoplichthys  disjunctivus ,  in  contrast,  is  heavily  vermiculated 
with  an  overall  deep  chestnut  brown  background  color  and  has  a  very 
high  and  long  dorsal  fin  with  one  spine  and  12  soft  rays.  In  adults,  the 
spotted  versus  vermiculated  pattern  is  most  distinctive  on  the  belly  of 
these  two  species. 
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Poecilia  reticulata. — Guppies  were  only  found  in  the  side  channel 
emptying  from  the  zoo.  They  were  not  abundant  in  the  collections;  only 
five  individuals  were  taken.  This  is  in  contrast  to  the  collections  of 
Hubbs  et  al.  (1978)  where  hundreds  of  guppies  were  taken  in  the  same 
place  as  well  as  close  by  in  the  main  river  channel.  It  is  thought  that 
guppies  were  introduced  in  the  mid-1970s,  because  there  are  no  records 
of  these  before  the  Hubbs  et  al.  (1978)  collections  of  this  very  obvious 
species.  It  is  interesting  that  no  guppies  were  taken  by  the  TPWD 
collections  in  the  area  during  1985-1990  (Howells  1992).  This  may 
point  to  the  gradual  decline  of  the  species  in  the  system  or  to  multiple 
introductions  and  extirpations  as  has  occurred  in  Arizona  and  Florida 
where  populations  do  not  appear  to  be  self-sustaining  (Courtenay  & 
Meffe  1989). 

Poecilia  latipinna. — First  introduced  in  1939  from  Florida  aquarium 
stocks  (Brown  1953),  sailfin  mollies  were  found  throughout  the  upper 
and  lower  sites.  They  were  most  commonly  encountered  in  quiet 
backwaters  and  in  slow  moving  portions  of  the  river. 

Poecilia  formosa—  Amazon  mollies  were  found  in  nearly  equal 
numbers  to  their  sexual  host,  P.  latipinna ,  and  were  very  abundant  in 
a  shallow  backwater  environment  at  the  downstream  collection  site. 
This  species,  native  to  extreme  south  Texas,  was  introduced  into  the 
lower  Nueces  River  basin  by  1964  (Martin  1964),  in  the  San  Antonio 
drainage  (in  Braunig  Reservoir,  40  km  to  the  southeast  of  San  Antonio) 
by  1977  (Hubbs  et  al.  1978),  and  in  the  San  Antonio  River  proper  at  the 
IH  37  crossing  south  of  San  Antonio  in  1978  (Edwards  1980).  This  is 
the  first  report  of  this  species  being  collected  in  Brackenridge  Park.  The 
present  distribution  of  the  Amazon  molly  might  involve  an  upstream 
migration  in  the  last  20  years  rather  than  a  more  recent  introduction. 
Another  population  has  long  existed  in  the  San  Marcos  River  (Hubbs  et 
al.  1991). 

Xiphophorus  helleri.—  Swordtails  were  likely  introduced  into  the  San 
Antonio  River  during  the  mid-1980s  as  none  had  been  obtained  prior  to 
that  time  (Howells  1992).  A  single  individual  of  this  species  was 
obtained  in  the  side  channel  coming  from  the  zoo  next  to  the  sparse 
vegetation  in  this  location. 

Gambusia  affinis. — The  western  mosquitofish  is  the  only  member  of 
the  family  Poeciliidae  that  is  native  to  the  river  and  was  the  most 
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abundant  species  captured.  It  was  especially  abundant  at  the  interface 
between  the  side  channel  coming  from  the  zoo  and  the  main  channel  of 
the  river.  It  was  typically  found  in  quiet  areas  near  the  sides  of  the 
stream. 

Micropterus  salmoides.— Largemouth  bass  were  captured  at  both 
upstream  and  downstream  stations.  Larger  bass  inhabited  deeper  pools 
and  juveniles  were  captured  next  to  aquatic  vegetation. 

Lepomis  megalotis. — Limited  numbers  of  longear  sunfish  were  found 
associated  with  the  largemouth  bass  in  the  pool  areas  in  the  upper 
segment,  however,  none  was  captured  at  the  lower  segment. 

Lepomis  punctatus. — One  spotted  sunfish  was  taken  in  the  main 
channel  of  the  upper  site  below  a  low  water  bridge  crossing  at  the 
uppermost  collection  locality. 

Cichlasoma  cyanoguttatum—  Rio  Grande  cichlids  were  captured 
throughout  the  study  area.  Young  were  taken  near  the  shoreline  in  the 
main  river  and  in  the  channel  draining  the  zoo.  Larger  individuals  were 
taken  in  deeper  pools.  This  species  was  introduced  into  the  San  Antonio 
River  in  1929,  or  shortly  thereafter,  from  stocks  taken  from  the  Mission, 
Texas  area  in  1928  and  raised  at  the  federal  fish  hatchery  in  San  Marcos 
(Brown  1953;  Hubbs  et  al.  1978). 

Oreochromis  mossambicus Mossambique  tilapia  were  captured 
abundantly  in  the  upper  site  in  nearly  all  habitats  sampled.  In  terms  of 
biomass,  this  species  dominated  all  others  at  this  site.  Although  135 
individuals  were  captured,  many  more  could  easily  have  been  obtained. 
The  largest  adults  were  observed  defending  redds  in  the  main  channel 
as  well  as  the  side  channel  leading  from  the  zoo.  Mossambique  tilapia 
were  first  reported  from  the  San  Antonio  River  in  the  late  1950s,  a 
result  of  fish  escaping  from  the  channel  running  through  the  zoo  (Brown 
1961).  The  large  number  of  individuals  captured  in  the  present  sample 
is  in  stark  contrast  to  the  relatively  small  number  captured  in  the  earlier 
1977  collection  by  Hubbs  et  al.  (1978). 

Oreochromis  aureus.— Blue  tilapia  were  captured  in  much  smaller 
numbers  than  Mossambique  tilapia.  Both  species  appeared  in  the  same 
samples  and  no  evidence  was  found  of  any  habitat  partitioning  between 
these  two  species.  Although  blue  tilapia  were  known  from  the  San 
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Antonio  drainage  (in  Braunig  Reservoir)  in  1977,  none  had  been  ob¬ 
tained  in  the  river  proper  prior  to  the  late  1980s  when  they  were 
introduced  into  the  zoo  (Howells  1991).  Hybridization  between  blue  and 
Mossambique  tilapias  is  suspected  and  has  occurred  elsewhere  in  central 
Texas  (Howells  1991).  A  biochemical  examination  of  genetic  contami¬ 
nation  in  these  stocks  could  better  resolve  the  extent  that  this  is  already 
happening. 

Tilapia  zilli.—  All  redbelly  tilapia  were  captured  in  the  side  channel 
leading  from  the  zoo.  They  were  captured  over  very  silty  substrates  and 
none  were  observed  or  captured  in  the  main  channel.  This  species,  not 
found  in  the  1977  sample  (Hubbs  et  al.  1978),  was  first  recorded  from 
the  San  Antonio  River  in  1978  (Hubbs  1982)  and  they  appear  to  have 
maintained  essentially  their  same  distribution  within  the  river  since  that 
time. 


Discussion 

More  than  20  years  ago,  35%  of  the  17  species  that  were  taken  in  the 
upper  San  Antonio  River  were  introduced  species.  Hubbs  et  al.  (1978) 
considered  this  a  substantial  concern  and  urged  care  to  prevent  greater 
damage  to  the  native  fauna  of  this  stream.  Introduced  species  now  make 
up  61  %  of  the  species,  17%  of  the  individuals,  and  62%  of  the  biomass 
in  the  upper  San  Antonio  River  indicating  that  even  greater  alterations 
to  the  aquatic  community  have  occurred.  Species  captured  by  Hubbs  et 
al.  (1978)  that  were  not  captured  in  this  study  were  Ictalurus  natalis, 
Lepomis  gulosus,  L.  cyanellus  and  L.  macrochirus ,  all  native  species, 
but  none  of  these  species  was  considered  especially  abundant  during  the 
earlier  study.  Other  changes  in  relative  abundance  since  the  1977 
sample  include  fewer  A.  mexicanus ,  Hypostomus  sp.,  P.  reticulata ,  L. 
megalotis  and  C.  cyanoguttatum  in  the  current  sample.  Much  greater 
relative  abundances  of  G .  affinis  and  both  Oreochromis  species  were 
found  in  the  current  samples. 

While  the  decline  in  C.  cyanoguttatum  due  to  the  Mozambique  tilapia 
was  predicted  by  Hubbs  et  al.  (1978),  the  extremely  high  numbers  of  the 
latter  species  may  now  also  be  affecting  other  species.  Several  hundred 
actively  guarded  and  recently  abandoned  tilapia  nests  were  observed 
throughout  the  study  area.  It  may  be  that  the  large  numbers  of  breeding 
tilapia  and  their  nesting  activity  utilize  much  of  the  desirable  breeding 
habitat  in  the  upper  river  because  both  the  cichlids  and  centrarchids  are 
nest  builders  and  use  similar  habitats  for  breeding.  In  addition,  both 
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Mexican  tetras  and  the  tilapias  are  generalized  feeders,  thus  high 
numbers  of  tilapia  may  decrease  the  amount  of  food  available  for  the 
tetras.  Regardless  of  the  changes  in  abundance  since  earlier  studies, 
only  one  species  is  thought  to  have  been  an  unsuccessful  introduction. 
The  pike  gambusia,  Belonesox  belizanus,  was  introduced  into  the  San 
Antonio  River  in  the  early  1960s  (Barron  1964),  however  it  had  disap¬ 
peared  prior  to  the  mid-1970s  (Hubbs  et  al.  1978)  and  has  not  been 
collected  since. 

Other  non- native  organisms,  such  as  the  snails,  Marisa  comuareitis , 
Melanoides  tuberculata  and  Tarebia  grandifera,  are  also  showing  similar 
increases  and  persistence  as  the  fishes  in  this  system.  While  their  impact 
on  the  fish  communities  has  been  incompletely  studied,  there  is  little 
question  that  introduced  species  are  having  an  impact  on  the  fishes  in 
this  environment  and  present  a  pervasive  problem  that  cuts  across 
taxonomic  boundaries. 

Introduced  organisms  not  only  disrupt  native  interactions  brought 
about  through  common  evolutionary  histories,  but  also  serve  as  source 
populations  for  their  further  spread  into  new  areas  creating  even  greater 
problems  for  the  indigenous  faunas.  It  is  clear  that  aquarists  are  helping 
to  spread  these  species  into  additional  sites  (Allen  and  Heflin  pers. 
comm.),  especially  the  armored  catfishes.  The  high  success  rate  of 
these  introductions  into  this  particular  ecosystem  may  be  as  a  result  of 
the  artificial  pumping  of  groundwater  that  maintains  relatively  constant 
water  levels  for  the  river  walk  area  in  the  downtown  business  district, 
but  also  maintains  relatively  stable  water  temperatures  and  flows  in  the 
headwater  area.  Urban  influences,  including  bank  stabilization,  storm 
drain  and  street  runoff,  and  the  zoo’s  maintenance  of  fish  feeding 
machines,  adding  many  nutrients  to  the  canal  leading  through  the  zoo, 
contribute  to  the  degradation  of  the  upper  San  Antonio  River  habitats 
decreasing  suitable  habitats  for  the  native  fishes. 

It  appears  that  the  problems  brought  by  introduced  species  may  be 
most  acute  in  spring  environments  where  the  stability  of  water  condi¬ 
tions,  especially  water  temperatures,  allow  these  introduced  species  to 
prosper.  It  is  also  in  these  same  environments  that  many  of  the  most 
unique  and  endangered  species  of  the  state  are  found.  Much  more  care 
appears  to  be  necessary  to  prevent  further  stresses  on  these  species  and 
to  provide  proper  management  of  these  environments  for  the  native 
species. 
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*Keechi  Creek  Wildlife  Management  Area 
Texas  Parks  and  Wildlife  Department,  P.  O.  Box  962 
Centerville,  Texas  75833 

Abstract.— The  aquatic  habitats  of  the  Keechi  Creek  Wildlife  Management  Area  in  central 
east  Texas  were  surveyed  in  May,  June  and  August  of  1999.  A  total  of  34  species  from  12 
families  were  documented.  These  records  serve  to  establish  the  initial  database  for  fishes  in 
this  management  area  as  a  part  of  the  conservation  program  of  the  Texas  Parks  and  Wildlife 
Department. 


In  maintaining  a  network  of  Wildlife  Management  Areas  (WMAs), 
Texas  Parks  and  Wildlife  Department  promotes  the  multiple  values  of 
biodiversity  (Wilson  1992;  Meffe  &  Carroll  1997).  These  WMAs  were 
created  for  numerous  consumptive  and  nonconsumptive  outdoor  activi¬ 
ties  including  hunting,  fishing,  birdwatching  and  research.  The 
management  of  Keechi  Creek  WMA  (KCWMA)  is  focused  primarily  on 
the  preservation  of  bottomland  hardwoods.  KCWMA  is  located  near 
Oakwood,  in  Leon  County  within  the  Post  Oak  Savannah  Ecological 
Region.  It  includes  607  ha  acquired  in  1986.  It  lies  within  the  Trinity 
River  drainage  and  a  large  portion  is  within  the  river  floodplain. 
KCWMA  contains  a  range  of  aquatic  habitats,  including  Keechi  Creek 
and  its  intermittent  tributary  Buffalo  Creek,  a  perennial  slough  that  is 
intermittently  connected  to  Keechi  Creek,  as  well  as  several  ponds,  a 
perennial  spring,  and  a  swamp.  Over  80  species  of  fishes  from  17 
families  are  known  to  occur  in  the  Trinity  River  Drainage  in  this  region 
of  Texas  (Hubbs  et  al.  1991;  Travis  et  al.  1994,  Anderson  et  al.  1995, 
Hubbs  et  al.  1997).  A  checklist  of  fishes  in  Gus  Engling  WMA,  ap¬ 
proximately  80  km  north  of  Keechi  Creek  WMA  in  the  Trinity  River 
drainage,  lists  57  species  that  have  been  confirmed  (Telfair  1997).  In 
order  to  gauge  the  effects  of  changes  in  land  use  and  to  make  informed 
management  decisions,  baseline  data  was  gathered  on  the  fish  fauna  of 
aquatic  habitats  of  KCWMA. 
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Materials  and  Methods 

Keechi  Creek  WMA  was  sampled  in  May,  June  and  August  of  1999. 
These  times  reflect  the  probability  of  detecting  the  range  of  species  and 
life  stages  that  might  be  present  within  the  WMA.  Sampling  sites 
represented  available  habitat  types  in  each  time  period.  Sampling  gear 
included  a  backpack  electrofisher,  seines,  gill  nets  and  a  boat-mounted 
electrofisher.  Gear  was  selected  to  efficiently  collect  the  species  and 
size  classes  of  fish  that  might  be  present  in  each  habitat.  For  open  water 
sites,  seines  of  7.4  mm  mesh,  1.2  m  depth  and  lengths  of  2.4  m,  3  m 
and  4.5  m  were  used.  A  1.2  m  by  4.5  m  bag  seine  was  used  in  the 
open  wetland  habitats.  A  boat  mounted  electrofisher,  as  well  as  experi¬ 
mental  gill  nets  of  38. 1  m  in  total  length  and  1.8  m  depth,  were  used  in 
lentic  habitats  to  sample  larger  fish.  Gill  nets  were  comprised  of  five 
different  panels  of  equal  length  with  graduated  mesh  of  7.6  cm,  6.4  cm, 
5.1  cm,  3.8  cm,  and  2.5  cm,  and  were  fished  for  four  hours.  Sampling 
effort  continued  in  each  available  microhabitat  until  no  new  species  were 
captured  in  three  successive  passes  with  the  gear.  Tissue  samples  and 
whole  specimens  of  smaller  fishes  were  collected,  and  within  24  h  were 
placed  in  an  ultracold  (-70 °C)  freezer,  and  catalogued  into  the  frozen 
tissue  collections  of  the  Texas  Cooperative  Wildlife  Collections  (TCWC) 
at  Texas  A&M  University  in  the  Department  of  Wildlife  and  Fisheries 
Sciences,  College  Station.  Voucher  specimens  of  each  species  were 
preserved  in  formalin,  transferred  to  ethanol,  and  deposited  in  the 
TCWC.  All  captured  fish  were  recorded,  but  due  to  storage  limitations, 
large  specimens  of  previously  vouchered  species  from  a  site  were 
weighed,  measured  and  released  at  the  site. 

Results  and  Discussion 

Keechi-Buffalo  Creek,  and  the  pond,  each  contained  the  greatest  total 
number  of  species  collected  (19),  but  because  they  had  only  nine  species 
in  common,  together  they  contained  29  of  the  34  species  and  10  of  the 
12  families  collected  across  all  six  sites  in  KCWMA  (Table  1).  The 
spring  contained  only  eight  species,  but  added  four  species  and  two 
families  that  were  not  collected  in  Keechi  and  Buffalo  Creeks,  or  the 
pond.  Twelve  species  were  collected  from  the  slough  and  six  species 
from  the  swamp,  and  each  of  these  habitats  contained  a  representative 
subset  of  pond  species,  except  that  both  slough  and  swamp  habitats  also 
contained  bantam  sunfish  ( Lepomis  symmetricus),  which  were  not 
collected  in  any  other  habitat.  Sixteen  species  were  collected  only  at  a 
single  site. 
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Table  1.  Mean  fish  abundance  in  collections  in  Keechi  Creek  Wildlife  Management  Area  in  spring  and  summer  of  1999. 

Keechi  Creek  Buffalo  Creek  _ Pond _  _ Spring _  Slough  Swamp 

Family  Species  May  July  August  August  May  July  August  May  July  August  August  August 

Lepisosteidae  Lepisosteus  oculatus  000  0  001  000  0  0 
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Overall  relative  abundance  of  species  across  all  habitat  types  and 
collections  was  dominated  by  bluegill  (. Lepomis  macrochirus) ,  which  was 
collected  from  all  habitats  except  the  spring  (Table  1).  The  second  most 
abundant  species  was  western  mosquitofish  ( Gambusia  affinis ),  which 
was  collected  from  all  habitats  except  the  swamp.  Minnows  were  more 
abundant  in  the  creek  and  slough,  while  shad  and  sunfish  were  more 
abundant  in  the  pond,  with  the  exception  that  banded  pygmy  sunfish 
( Elassoma  zonatum)  was  collected  only  from  the  spring.  Smaller 
largemouth  bass  (<  150  mm  total  length)  that  likely  were  juveniles,  as 
well  as  several  adults  (206-435  mm  total  length)  were  collected.  Larger 
bass  were  collected  in  the  pond  and  exhibited  good  body  condition,  as 
relative  weights  ranged  85-103%  of  standard  weight  (Murphy  et  al. 
1991).  Only  three  crappie  ( Pomoxis  sp.)  larger  than  150  mm  total 
length,  were  collected,  and  all  had  relative  weights  within  a  range 
similar  to  that  of  largemouth  bass.  Four  species  of  darters  were 
collected,  with  slough  darter  ( Etheostoma  gracile)  most  commonly 
collected  across  habitats. 

The  life-history  strategies  and  trophic  guilds  represented  among  the 
fishes  collected  indicated  that  the  biodiversity  of  this  fish  fauna  likely  is 
due  to  the  range  of  habitats  and  environmental  conditions  that  existed  in 
KCWMA.  The  larger  adult  largemouth  bass  collected  from  the  pond 
were  likely  piscivorous  (Robison  &  Buchanan  1988).  Their  high  relative 
weights  indicated  that  food  resources  were  adequate  for  the  pond 
population.  Abundant  small  bluegill  and  other  forage  fish  supported  this 
hypothesis.  Crappies  were  less  abundant  than  largemouth  bass  in  the 
pond,  but  more  abundant  in  the  slough  and  swamp.  These  species 
migrate  upstream  during  spring  floods  and  have  explosive  bouts  of 
reproduction  that  allow  their  larvae  to  take  advantage  of  initial  pulses  of 
primary  productivity  in  flooded  habitats.  Most  minnow  species  found 
in  KCWMA  feed  primarily  on  water  column  invertebrates,  and  were 
found  in  streams  (Robison  &  Buchanan  1988).  These  species  likely  take 
advantage  of  spring  nutrient  pulses  that  enhance  secondary  production 
of  invertebrates.  The  exception  to  this  pattern  among  minnows  was  the 
golden  shiner  ( Notemigonus  crysoleucas),  which  was  most  abundant  in 
the  pond  and  more  lentic  slough  habitat,  where  omnivory  is  an  advan¬ 
tage  during  summer  algal  blooms  or  periods  of  low  secondary  produc¬ 
tion.  Grass  pickerel  ( Esox  americanus),  pirate  perch  ( Aphredoderus 
sayanus )  and  banded  pygmy  sunfish  were  found  only  in  the  spring 
habitat  and  are  usually  associated  with  submerged  aquatic  vegetation 
(Robison  &  Buchanan  1988).  The  darter  species  collected  from  the 
pond  and  Keechi  Creek  produce  a  few  large  eggs  and  the  young  mature 
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rapidly,  yet,  adults  can  have  extended  spawning  seasons  from  spring  into 
early  summer  (Robison  &  Buchanan  1988).  Such  characteristics  enable 
them  to  maintain  populations  in  spring  habitats,  with  constant,  but 
limited,  resources. 

The  environmental  variability  and  variety  of  habitats  at  KCWMA 
underscores  the  need  for  a  monitoring  regime  that  explicitly  considers 
how  that  variability  is  distributed  in  space  and  time.  Thus,  repeated 
monitoring  across  seasons  and  years  is  likely  important  to  increased 
likelihood  that  all  species  using  the  WMA  are  documented.  The  red 
shiner  ( Cyprinella  lutrensis),  redfin  shiner  ( Lythrurus  umbratilis)  and 
bantam  sunfish  were  listed  as  likely  to  occur,  but  unconfirmed,  in  Gus 
Engling  WMA  (Telfair  1997),  but  were  collected  at  KCWMA.  Creek 
chubsucker  ( Erimyzon  oblongus)  is  a  state-listed  species  of  special 
concern  (Hubbs  et  al.  1991),  on  the  edge  of  its  range,  and  thus,  impor¬ 
tant  to  studies  of  population  diversity  and  evolutionary  processes 
(Ricklefs  &  Schluter  1993).  Neither  creek  chubsucker,  nor  lake  chub- 
sucker  ( E .  sucetta)  were  collected,  but  may  potentially  occur  at  KCWMA 
(Hubbs  et  al.  1991;  Travis  et  al.  1994;  Telfair  1997). 

Few  adults  (evidenced  by  size  classes)  of  prominent  game  species 
such  as  channel  catfish  ( Ictalurus  punctatus ),  largemouth  bass  and  both 
black  and  white  crappies,  but  several  young-of-year,  were  collected  in 
habitats  other  than  the  pond.  Adults  and  young-of-year  may  be  transi¬ 
ents  or  temporary  inhabitants  following  spring  flows  upstream  and  onto 
the  floodplain  in  seeking  sites  to  spawn  or  to  forage  in  shallow,  low- 
velocity  refuges,  before  returning  to  main  streams  on  the  waning  fall 
flood  pulse  (Turner  et  al.  1994).  High  mortality  in  these  habitats  can 
follow  drought  or  drawdown  that  enhances  foraging  by  wading  birds  and 
piscivorous  mammals  (Kushlan  1976),  so  populations  must  be  recolo¬ 
nized.  Many  fish  species  in  KCWMA  are  adapted  for  such  conditions 
(e.g.,  mosquitofish  and  red  shiners).  Although  constructed  wetlands 
(such  as  green-tree  reservoirs)  provide  foraging  sites  for  wading  birds 
and  winter  habitat  for  waterfowl,  their  influence  on  native  fish  species 
is  less  clear.  When  natural  flood  and  flow  regimes,  and  connectivity  are 
not  duplicated  (sometimes  even  when  they  are),  restoration  or  establish¬ 
ment  of  a  natural  floodplain  system  may  take  many  years  (Toth  et  al. 
1998). 
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LIFE  HISTORY,  FOOD  HABITS  AND  PRODUCTION  OF 
PROGOMPHUS  OBSCURUS  RAMBUR  (ODONATA:  GOMPHIDAE) 
IN  HARMON  CREEK  OF  EAST  TEXAS 

Edward  C.  Phillips 

Department  of  Biology ,  Gannon  University 
Erie,  Pennsylvania  16541 

Abstract . —Progomphus  obscurus  Ram  bur  is  a  burrowing  dragonfly  species  which  is 
abundant  in  eastern  Texas  sandy  streams.  The  naiads  and  adults  of  P.  obscurus  were 
collected  from  and  around  Harmon  Creek  (Walker  County,  Texas)  from  November  1995 
through  May  1997.  This  species  has  a  univoltine  life  cycle  and  produces  a  total  of  11 
instars.  At  Harmon  Creek,  emergence  of  adults  began  in  mid  April  and  continued  until  mid 
to  late  September.  Oviposition  was  observed  from  early  May  through  mid  August.  First 
instar  naiads  were  collected  from  May  through  early  September.  May,  June  and  July  were 
the  months  of  greatest  recruitment.  Penultimate  naiads  were  first  collected  during  late 
February.  The  annual  secondary  production  estimate  for  P.  obscurus  was  6.842  g/m2/yr,  the 
standing  stock  biomass  was  1.682  g/nf,  and  the  cohort  production/biomass  ratio  (P/B  ratio) 
was  4.067.  The  primary  food  items  consumed  by  naiads  of  P.  obscurus  were  chironomid 
larvae,  followed  by  mayfly  naiads  of  the  families  Caenidae  and  Baetidae. 


Progomphus  obscurus  Rambur  is  a  burrowing  dragonfly  species, 
which  ranges  over  much  of  the  southern  United  States.  In  general, 
dragonfly  naiads  of  the  genus  Progomphus  are  burrowers  found  primari¬ 
ly  in  shifting  sandbars  of  both  lotic  and  lentic  habitats  (Needham  & 
Westfall  1955).  Analysis  of  microhabitat  preference  of  P.  obscurus 
naiads  indicates  a  preference  for  areas  of  sand  with  particle  sizes  ranging 
from  0.625-1.0  mm  (Huggins  &  DuBois  1982).  Their  front  and  middle 
legs  are  used  for  burrowing  into  the  sand,  and  they  burrow  completely 
beneath  the  surface,  although  never  deeper  than  2  cm  (Huggins  & 
DuBois  1982). 

In  general,  odonates  are  of  tropical  evolutionary  origin  and  have 
evolved  different  life  cycle  patterns  and  cold  resistant  stages  as  they 
adapted  to  temperate  regions  (Norling  1984).  These  adaptations  pro¬ 
duced  two  general  dragonfly  life  history  patterns  described  by  Corbet 
(1954)  as  spring  species  and  summer  species.  These  two  patterns 
characterize  many  dragonfly  species,  but  a  continuum  of  life  history 
patterns  between  the  extreme  spring  and  summer  species  has  been  found, 
especially  in  southern  temperate  latitudes  (Paulson  &  Jenner  1971).  Life 
history  patterns  can  also  vary  within  species  at  different  latitudes.  For 
example,  Kormondy  &  Gower  (1965)  found  Epitheca  cy nosura  to  be 
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semivoltine  (bivoltine)  in  Pennsylvania,  while  Benke  &  Benke  (1975) 
found  the  same  species  to  be  a  univoltine  spring  species  in  South 
Carolina.  Life  cycles  can  also  vary  among  individuals  within  the  same 
stream.  Ferreras-Romero  (1997)  found  Boyeria  irene  to  be  mainly 
semivoltine,  but  some  naiads  required  three  years  to  complete  develop¬ 
ment  in  the  Sierra  Morena  Mountains  of  Spain. 

While  life  history  patterns  have  been  worked  out  for  some  odonate 
species,  the  life  cycle,  food  habits,  and  production  of  P.  obscurus  is  still 
relatively  unknown.  Therefore,  the  objectives  of  this  study  were  to 
elucidate  the  general  life  history  pattern  of  P.  obscurus ,  gather  infor¬ 
mation  about  food  habits  of  the  naiads,  and  to  estimate  P.  obscurus 
production  in  Harmon  Creek. 

Materials  and  Methods 

Naiads  of  Progomphus  obscurus  were  collected  from  Harmon  Creek 
in  Walker  County,  Texas.  The  research  site  was  a  section  of  stream  with 
a  sandy  bottom  passing  through  eastern  Texas  piney  woods.  Monthly 
collections  of  20  Surber  samples  were  made  from  November  1995 
through  May  1997.  Adults  were  collected  during  the  same  period  using 
an  aerial  insect  net.  Both  adults  and  naiads  were  preserved  in  5% 
formalin. 

The  head  capsule  width  (HCW)  of  naiads  was  measured  at  the  widest 
point  to  the  nearest  0.01  mm  using  a  dissection  microscope  with  an 
ocular  micrometer.  Specimens  were  then  dried  at  55 °C  for  24  hours 
and  weighed.  Head  capsule  width  and  body  weight  data  were  then 
ln-transformed  and  a  linear  regression  analysis  of  body  weight  on  head 
capsule  width  was  performed. 

Because  P.  obscurus  does  not  have  a  tightly  synchronous  develop¬ 
ment,  production  was  estimated  using  the  size-frequency  method  origin¬ 
ally  described  by  Hynes  (1961)  and  modified  by  Hamilton  (1969)  and 
Benke  (1979).  Standing  stock  biomass  was  measured,  and  production/ 
biomass  (P/B)  ratio  was  calculated. 

Food  habits  were  determined  by  stomach  content  analysis.  Stomachs 
of  both  naiads  and  adults  were  dissected  and  their  contents  removed. 
Food  organisms  contained  within  each  stomach  were  then  identified  to 
the  lowest  taxonomic  level  possible,  by  using  either  a  dissecting 
microscope,  or  if  higher  magnification  was  necessary  by  mounting  the 
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prey  item  on  a  slide  for  identification  using  a  compound  microscope. 

The  number  of  instars  of  P.  obscurus  was  determined  by  a  combina¬ 
tion  of  two  methods.  For  the  first  method,  which  was  used  to  determine 
the  number  of  early  instars,  eggs  were  collected  from  copulating  females 
that  were  captured  in  the  field.  The  collected  eggs  were  incubated  in  the 
laboratory  at  22 °C  until  they  hatched.  After  hatching,  each  naiad  was 
placed  in  a  separate  petri  dish,  where  the  exuviae  were  collected  after 
each  molt.  Larvae  were  raised  until  they  reached  the  6th  instar.  The 
size-frequency  method  was  the  second  method  used  to  determine  the 
number  of  instars  of  P.  obscurus.  This  method  was  not  very  effective 
for  separating  early  instars  (1st  through  5th),  but  was  very  effective  for 
identifying  later  instars  (6th  through  11th).  Ax2  test  was  used  to 
determine  if  there  were  significant  differences  in  sex  ratios  of  cast 
exuviae  and  adults  collected  at  streamside. 

Results 

Progomphus  obscurus  primarily  exhibits  a  univoltine  life  cycle;  first 
instar  naiads  were  collected  from  May  through  early  September  at 
Harmon  Creek.  May,  June,  and  July  were  the  months  of  greatest  re¬ 
cruitment.  Penultimate  naiads  were  first  collected  during  late  February. 
Emerging  adults  were  first  observed  on  13  April  1996  and  on  20  April 
1997,  which  was  also  the  first  days  that  exuviae  of  penultimate  naiads 
were  collected.  Exuviae  were  last  collected  on  2  October  1996.  Adults 
were  observed  in  the  area  from  mid  April  until  late  October,  with 
oviposition  occurring  from  early  May  through  late  August. 

The  sex  ratio  of  exuviae  indicated  that  significantly  (x2  =  7. 166, 
0.001  <p< 0.01)  more  females  (57%)  than  males  (43%)  emerged  (207 
female  and  156  male,  ft =363).  However,  the  sex  ratio  of  adults  cap¬ 
tured  at  stream  side  showed  that  there  were  significantly  (x2 =4.546, 
0.01  <p <0.05)  more  males  (61%)  than  females  (39%)  (59  male  and  38 
female,  n =91)  present. 

Just  prior  to  emergence,  naiads  crawled  onto  sandy  beach  areas,  dug 
their  claws  into  the  sand  to  anchor  themselves,  and  began  to  emerge. 
The  distance  traveled  from  water’s  edge  to  emergence  spot  ranged  from 
5  to  48  cm,  with  a  mean  distance  of  19  cm.  Head  capsule  width  of  cast 
exuviae  ranged  from  4.49  mm  to  5.02  mm,  with  a  mean  width  of  4.66 
mm  (ft  =  358). 


22 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  53,  NO.  1,  2001 


Table  1 .  Mean  head  capsule  width  and  growth  ratio  of  both  laboratory  raised*  naiads  and 
naiads  collected  from  Harmon  Creek. 


Instar 

Mean  HCW  (mm) 

Growth  Ratio 

1* 

0.34 

2* 

0.52 

1.53 

3* 

0.64 

1.23 

4* 

0.83 

1.30 

5* 

1.06 

1.28 

6 

1.39 

1.31 

7 

1.77 

1.27 

8 

2.28 

1.29 

9 

2.82 

1.24 

10 

3.58 

1.27 

11 

4.61 

1.29 

Avg.  Growth  Ratio 

1.30 

Incubation  time  for  eggs  collected  in  the  field  and  hatched  in  the 
laboratory  ranged  from  8  to  12  days.  Mean  head  capsule  widths  for 
laboratory  raised  1-5  instar  naiads  are  shown  in  Table  1.  The 
combination  of  data  from  laboratory-raised  naiads  and  from  size 
frequency  distributions  done  on  field-collected  naiads  indicates  that  P. 
obscurus  produced  11  instars  in  Harmon  Creek  (Table  1  and  Fig.  1). 

The  primary  food  items  consumed  by  P.  obscurus  naiads  at  Harmon 
Creek  were  chironomid  larvae,  followed  by  mayfly  naiads  of  the 
families  Caenidae  and  Baetidae.  Small  numbers  of  rotifers,  ceratopo- 
gonids,  and  other  odonates,  were  occasionally  ingested.  Chironomids 
were  the  primary  food  items  for  all  P.  obscurus  size  classes,  but  larger 
larvae  had  larger  numbers  of  mayflies  in  their  diets.  During  the  months 
of  May  through  September,  greater  numbers  of  mayflies  were  consumed 
than  during  other  months.  The  number  of  individuals  with  food  in  their 
stomachs  was  variable  throughout  the  year.  The  fewest  individuals  with 
food  in  their  stomachs  (<30%)  were  found  during  the  months  of 
November  through  February.  During  March,  September  and  October 
37-42%  of  individuals  had  food  in  their  guts;  Whereas,  between  the 
months  of  April  and  August  over  60%  of  P.  obscurus  individuals  had 
food  in  their  guts. 

Linear  regression  analysis  showed  a  significant  relationship  between 
In  HCW  and  In  dry  weight  (W)  (F  =  278.63,  P=0.0001,  R2=0.952). 
The  linear  relationship  between  HCW  and  dry  weight  can  be  explained 
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HCW  (mm) 


Figure  1 .  Size  frequency  distribution  of  P.  obscurus  naiads  based  on  different  head  capsule 
widths.  The  number  above  the  bar  represents  the  instar. 


by  the  equation:  In  W  =  -7.613  +  2.791  (In  HCW).  The  standard 
errors  for  the  Y  intercept  and  the  slope  were  0.200  and  0.167, 
respectively. 

The  annual  production  estimate  for  P.  obscurus  was  6.842  g/m2/yr, 
the  standing  stock  biomass  was  1.682  g/m2,  and  the  cohort  production/ 
biomass  ratio  (P/B  ratio)  was  4.067  (Table  2). 

Discussion 

Differences  in  emergence  times  of  P.  obscurus  are  probably  related 
to  the  time  that  the  eggs  were  oviposited.  For  example,  if  a  naiad 
hatched  from  the  egg  in  June,  it  would  emerge  as  an  adult  the  following 
June;  if  the  naiad  hatched  in  August  it  would  emerge  as  an  adult  the 
following  August.  However,  final  instar  naiads  begin  to  appear  in  late 
February,  but  do  not  emerge  until  April;  these  naiads  then  spend  part 
of  the  month  of  February,  March  and  then  part  of  April  in  the  final 
instar.  This  indicates  that  naiads  may  mature  to  the  final  instar  in  less 
than  a  complete  year,  but  do  not  emerge  immediately.  Possibly,  low 
water  temperatures  corresponding  with  low  air  temperatures  delay  the 
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Table  2.  Production  estimate  calculations  for  Progomphus  obscurus  in  Harmon  Creek, 
Texas. 


Size  Class 
HCW  (mm) 

N 

(#/in2)  a 

W(g)b 

B  (g/m2  )c 

change 
in  N  d 

weight  at 
loss  (g)e 

weight 
loss  ‘ 

X10 

(g/m2 ) g 

0.01-0.50 

47.1 

0.000038 

0.0018 

0.51-1.00 

161.3 

0.000221 

0.0356 

-1 14.2 

0.00013 

-0.0148 

-0.148 

1.01-1.50 

95.6 

0.000921 

0.0880 

65.7 

0.00057 

0.0374 

0.374 

1.51-2.00 

52.4 

0.00236 

0.1237 

43.2 

0.00164 

0.0708 

0.708 

2.01-2.50 

37.9 

0.00475 

0.1800 

14.5 

0.00356 

0.0516 

0.516 

2.51-3.00 

26.0 

0.00831 

0.2161 

11.9 

0.00653 

0.0777 

0.777 

3.01-3.50 

20.3 

0.01326 

0.2692 

5.7 

0.01078 

0.0614 

0.614 

3.51-4.00 

15.2 

0.01976 

0.3596 

5.1 

0.01651 

0.0842 

0.842 

4.01-4.50 

8.7 

0.02802 

0.2438 

6.5 

0.02389 

0.1553 

1.553 

4.51-5.00 

4.3 

0.03824 

0.1644 

4.4 

0.03313 

0.1458 

1.458 

Total 

1.6822 

6.842 

a  Number  present  per  square  meter  of  each  size  class. 

b  Mean  weight  (milligrams)  of  individuals  of  each  size  class. 

c  Total  mean  annual  biomass  for  each  size  class. 

d  Change  in  number  of  individuals  present  between  size  class. 

e  Mean  weight  of  individuals  of  each  instar  when  lost  from  the  population. 

f  Total  weight  (grams)  lost  with  each  size  class. 

g  Weight  loss  multiplied  by  the  number  of  size  classes  equals  mean  annual  production  for 
each  size  class. 


emergence  process  until  the  likelihood  of  freezing  temperatures  is  very 
low. 

The  life  history  pattern  of  P.  obscurus  is  quite  different  from  that  of 
the  gomphid,  Onychogomphus  uncatus ,  in  France  (Schutte  et  al.  1998). 
In  this  French  study  it  was  found  that  O.  uncatus  had  a  three  year  life 
cycle  which  is  much  longer  compared  to  the  one  year  cycle  for  P. 
obscurus ;  This  may  be  partially  explained  by  O.  uncatus  usually  pro¬ 
ducing  13  instars  compared  to  the  11  of  P.  obscurus.  The  closely 
related  gomphid  in  Florida,  Progomphus  bellei ,  produced  mature  larvae 
during  March  and  emergence  began  in  mid-April  (Knopf  &  Tennessen 
1980).  This  development  time  is  similar  to  what  was  observed  in  this 
study.  Much  different  from  P.  obscurus  was  the  gomphid  Lanthus 
vernalis ,  which  showed  mixed  voltinism  and  lacked  a  clear  growth 
pattern  of  its  naiads,  but  was  at  least  semivoltine  in  a  cold  unproductive 
stream  in  South  Carolina  (Folsom  &  Manuel  1983). 

Voltinism,  emergence  periods,  and  adult  flight  periods  are  quite 
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variable  for  odonates  in  general.  Spring  species,  as  described  by  Corbet 
(1954),  emerge  synchronously  during  the  spring  over  a  short  period  of 
time.  The  synchronous  emergence  occurs  because  these  species  spend 
the  winter  before  emergence  in  the  final  instar  (some  in  a  diapause). 
Summer  species  spend  the  winter  before  emergence  in  earlier  larval 
instars  and  then  emerge  asynchronously  throughout  the  summer.  Corbet 
(1964)  noted  that  the  degree  of  synchrony  of  emergence  is  inversely 
proportional  to  the  number  of  overwintering  instars  in  the  winter 
preceding  emergence.  As  observed  by  Benke  &  Benke  (1975),  the 
synchronous  or  asynchronous  emergence  patterns  reflect  a  similar  type 
of  development  (i.e.  spring  species  develop  synchronously  and  summer 
species  develop  asynchronously).  Progomphus  obscurus  fits  best  into 
the  category  of  summer  species  proposed  by  Corbet  (1954).  The 
emergence  period  of  P.  obscurus  extends  from  mid  April  until  mid 
September,  with  a  correspondingly  long  flight  period,  but  gomphids  in 
general  can  fit  into  either  life  history  pattern.  In  a  stream  in  Spain, 
Onychogomphus  uncatus  had  a  brief  early  spring  emergence  period 
consistent  with  the  spring  pattern  (Ferreras-Romero  &  Corbet  1995). 
Suhling  (1995)  studied  two  different  populations  of  O.  uncatus  in  the 
southern  part  of  France  and  found  that  one  showed  the  emergence 
pattern  of  a  summer  species  and  the  other  showed  the  spring  species 
pattern.  This  indicates  that  a  single  species  can  have  different  life 
history  patterns  in  different  habitat  types  within  the  same  geographic 
region.  The  flight  period  of  P.  obscurus  at  Harmon  Creek  from  mid 
April  until  late  October  is  longer  than  that  observed  in  more  northern 
areas  of  the  U.S.,  such  as  North  Carolina  where  the  flight  period 
extended  from  April  through  September  (Paulson  &  Jenner  1971).  Even 
farther  north  in  the  U.S.  in  Indiana,  the  flight  period  is  reduced  further 
to  May  through  mid  October  (Bick  1941). 

Incubation  time  for  P.  obscurus  eggs  collected  from  adults  and  reared 
in  the  laboratory  ranged  from  8-12  days,  which  is  longer  than  5-7  day 
incubation  time  for  the  libellulid  Tramea  lacerata  (Bick  1951).  Bick 
(1941)  determined  that  the  incubation  period  of  another  libellulid 
species,  Erythemis  sitnplicicollis ,  varied  from  10  to  16  days. 

Laboratory  studies  of  odonates  have  shown  that  they  will  feed  on  a 
variety  of  animals  including  Paramecium  sp.  and  other  protozoans, 
Culex  eggs,  mosquito  larvae,  mayfly  naiads,  and  amphipods  (Bick 
1951).  In  the  current  study,  food  habits  of  P.  obscurus  varied  with  size 
class,  but  prey  were  predominantly  chironomids  for  all  size  classes. 
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Although  early  instars  were  found  to  feed  on  rotifers  to  some  extent,  the 
majority  of  their  prey  were  still  chironomids.  Overall,  when  compared 
to  libellulid  and  corduliid  species  investigated  by  Benke  (1978)  food 
habits  of  P.  obscurus  were  similar  to  those  of  Ladona  deplanata , 
Epitheca  sp.  and  Celithemis  fasciata  which  fed  mainly  on  immatures  of 
Chironomidae  and  Ephemeroptera  (mostly  Caenis  sp.)  and  to  a  much 
lesser  extent  on  cladocerans  and  ostracods.  The  species  studied  by 
Benke  (1978)  were  from  a  lentic  habitat. 

Production  has  been  calculated  for  only  a  few  species  of  odonates 
(Benke  1976;  Dudgeon  1989).  In  the  current  study,  annual  production 
of  6.842  g/m2/yr  seems  high  for  a  single  species  of  predaceous  inverte¬ 
brate,  and  is  roughly  comparable  to  the  combined  production  of  three 
odonate  species  in  the  pond  studied  by  Benke  (1976).  Using  the  re¬ 
moval-summation  method,  Benke  (1976)  found  that  production  of  L. 
deplanata  (Libellulidae)  was  2.20  g/nr/yr,  Epitheca  sp.  (Corduliidae) 
was  1.94  g/m2/yr,  and  C.  fasciata  (Libellulidae)  was  2.27  g/m2/yr. 
Dudgeon  (1989)  estimated  production  of  two  species  of  gomphid  naiads 
in  a  Hong  Kong  forest  stream,  and  found  that  production  of  Helio- 
gotnpus  scorpio  was  0.182  g/m2/yr  and  production  of  Onychogomphus 
sinicus  was  0.236  g/m2/yr.  Total  odonate  production  in  the  stream  was 
estimated  to  be  1.019  g/m2/yr.  The  production  of  P.  obscurus  in  this 
study  was  much  higher  than  that  found  for  either  of  the  gomphids  H. 
scorpio  or  O.  sinicus ,  or  the  total  production  of  odonates  in  the  forest 
stream  study  in  Hong  Kong  (Dudgeon  1989).  One  reason  for  the  high 
single  species  production  of  P.  obscurus  may  be  that,  based  on  extensive 
sampling  of  Harmon  Creek,  P.  obscurus  is  the  only  abundant  inverte¬ 
brate  predator  that  inhabits  the  sandy  substrate.  Also,  general  trends  for 
comparison  are  difficult  to  make  because  few  estimates  of  odonate 
production  have  been  published. 

The  sex  ratio  of  P.  obscurus  exuviae  in  this  study  was  female  biased, 
which  is  typical  of  the  emergence  sex  ratio  of  most  gomphids  previously 
studied  (Miller  1964;  Lutz  &  McMahan  1973).  However,  Suhling 
(1995)  found  some  discrepancies  in  the  emergence  sex  ratio  of  O. 
uncatus  when  sampling  two  different  streams.  Based  on  male  biased  sex 
ratios,  it  appears  as  though  female  P.  obscurus  mate  relatively  quickly, 
oviposit,  and  then  move  to  more  upland  habitats  to  feed,  and  that  males 
remain  near  the  stream  to  look  for  more  mates.  This  observation  was 
also  made  by  Needham  &  Westfall  (1955).  This  behavior  would  explain 
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the  discrepancy  between  sex  ratios  observed  in  captured  adults  versus 
exuviae. 
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Abstract.— Three  sites  were  surveyed  along  the  Rio  Grande  at  the  Laredo  Community 
College  campus.  Spiders  were  collected  from  each  community  utilizing  pitfall  traps,  sweep¬ 
netting  and  beating  woody  vegetation.  The  spiders  were  identified  to  familial  level  and 
community  coefficients  were  calculated  to  compare  the  three  habitats.  The  percentages  of 
each  family  collected  by  the  three  methods  were  calculated  and  compared.  Spider  popula¬ 
tions  differed  in  familial  representation  and  proportion.  Some  spider  families  contained 
members  that  were  specific  for  microhabitats  in  each  community.  Spider  families  such  as 
the  Dictynidae,  Filistatidae,  Philodromidae  and  Thomisidae  were  deemed  useful  in  assessing 
habitat  disturbances. 


The  Rio  Grande  provides  valuable  resources  for  the  flora  and  fauna 
of  the  South  Texas  region.  In  the  Laredo  area,  the  Rio  Grande  supplies 
the  cities  of  Laredo  and  Nuevo  Laredo  as  well  as  various  industries  with 
water.  The  Rio  Grande’s  importance  to  the  biodiversity  of  the  area  is 
unquestioned,  however  the  waterway  has  been  highly  disturbed  by 
human  activities  that  impact  biodiversity  along  the  river. 

Researchers  have  previously  noted  the  value  of  invertebrates  in 
ecosystem  management  and  habitat  disturbance  studies  (Wise  1993; 
Finnamore  1996).  In  fact,  arthropods  may  be  the  most  diverse  group  in 
most  ecosystems.  It  has  been  estimated  that  arthropods  constitute 
approximately  64%  of  known  global  diversity  (Finnamore  1996).  Addi¬ 
tionally,  arthropods  are  relatively  easy  to  sample  and  are  useful  subjects 
for  both  long-term  and  short-term  monitoring  of  ecosystems  (Finnamore 
1996;  Sutherland  1996). 

This  study  was  initiated  in  order  to  collect  baseline  data  regarding  the 
spider  fauna  in  three  different  habitats  along  the  Rio  Grande  in  the 
Laredo  area.  Spiders  are  found  in  many  differing  types  of  environments 
and  many  require  specific  microclimates,  vegetation  densities  and  types, 
and  prey  numbers  (Wise  1993;  Foelix  1996).  Because  of  these  consid¬ 
erations,  spiders  can  be  useful  indicators  of  habitat  disturbances.  This 
study  was  conducted  in  order  to  ascertain  whether  there  were  major 
differences  in  spider  taxa  between  different  habitats  and  to  determine  the 
effectiveness  of  collection  method  upon  different  families. 
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Study  Sites 

Three  sites  were  selected  for  study  along  the  Rio  Grande  adjacent  to 
the  Laredo  Community  College  campus.  The  site  closest  to  the  river 
(UTM  coordinates:  14  448193E,  3042858N),  hereafter  called  the  River 
Site,  was  approximately  5  m  from  the  main  water  channel.  The  second 
site  was  located  25  m  east  of  the  river  site  along  the  river  floodplain 
terraces  (UTM  14  448196E,  3043004N)  and  is  hereafter  termed  the 
Terrace  Site.  The  third  site  (UTM  14  448362E,  3043429 N)  was  located 
in  an  area  above  the  river  floodplain,  hereafter  called  the  Upland  Site, 
0.5  km  north  and  east  of  the  terrace  site. 

Gramineous  vegetation  at  all  three  sites  consisted  of  buffelgrass 
( Cenchrus  ciliaris ).  Ground  cover  was  estimated  to  be  100%  at  the 
river  site,  80%  along  the  terrace  site,  and  50%  on  the  upland  site. 
Other  dominant,  woody  vegetation  at  the  river  site  included  netleaf 
hackberry  ( Celtis  laevigata ),  spiny  hackberry  ( Celtis  pallida ),  retama 
( Parkinsonia  aculeata ),  black  willow  (Salix  nigra)  and  mesquite 
( Prosopis  glandulosa) .  Carrizo  (Arundo  donax)  was  also  present  at  the 
river  site.  Woody  dominants  of  the  terrace  site  included  mesquite, 
lotebush  (. Ziziphus  obtusifolia) ,  and  scattered  salt  cedar  trees  ( Tamarix 
sp.).  The  upland  locality  was  dominated  by  mesquite  with  a  few,  scat¬ 
tered  yucca  ( Yucca  sp.)  and  lotebush. 

All  sites  demonstrate  a  history  of  natural  and  human  disturbances. 
Floods  occasionally  inundate  the  river  site;  the  most  recent  major  flood 
on  22-24  August  1998,  caused  water  levels  to  rise  25  to  30  feet  above 
the  river  channel.  The  terrace  and  upland  sites  have  had  woody  vegeta¬ 
tion  periodically  removed,  beginning  in  the  1970’s.  For  instance,  in 
1998  some  woody  vegetation  was  cleared  from  these  areas  in  order  to 
construct  an  access  road  for  the  U.  S.  Border  Patrol.  In  addition, 
portions  of  the  river  terraces  were  mowed  in  1997,  and  these  grassy 
areas  have  occasionally  been  subjected  to  wildfires  (the  latest  occurring 
on  14  May  2000). 


Materials  and  Methods 

A  circular  pitfall  array  was  placed  within  each  locality.  The  series 
consisted  of  six,  16  oz  plastic,  drinking  cups  buried  at  ground  level  and 
placed  3  m  apart.  A  second  cup  was  placed  within  the  first  to  facilitate 
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emptying  of  the  traps.  Holes  were  punched  into  the  bottom  of  the  outer 
cup  to  allow  water  to  drain  after  rainfall.  Six  inch,  galvanized  nails 
were  pushed  5  in  into  the  soil  at  four  points  around  the  cups,  and  a  6 
in2,  brown,  ceramic  tile  was  placed  upon  the  nails  to  cover  the  traps  and 
prevent  inadvertent  disturbance  by  vertebrate  animals  (Marshall  et  al. 
1994).  Approximately  100  mL  of  50%  ethylene  glycol  and  50%  water 
solution  was  placed  within  each  trap  to  kill  and  preserve  specimens  and 
prevent  evaporation.  The  traps  were  emptied  once  a  week  for  a  total  of 
six  weeks  during  the  study  period. 

Spiders  were  also  collected  by  sweeping  and  beating  vegetation  within 
each  locality.  Canvas  sweep  nets  (41  cm  diameter)  were  utilized  for  the 
sweep  samples.  Four  line- transects  were  sampled  at  each  location 
during  six  sampling  dates.  Twenty-five,  180°  sweeps,  taken  at  alternat¬ 
ing  steps,  were  made  within  each  transect;  giving  a  total  of  100  sweeps 
per  locality  at  each  sampling  date.  Five  woody  plants  were  randomly 
selected  within  each  locality  during  each  sampling  period  and  were 
subjected  to  20  strikes  with  wooden  dowels  to  dislodge  invertebrates. 
Dislodged  invertebrates  were  collected  from  90  cm2  wooden-framed 
drop  cloths  placed  underneath  the  shrubs  and  trees. 

Invertebrates  were  obtained  by  these  methods  from  the  three  com¬ 
munities  during  the  months  of  October,  November,  March  and  April. 
All  communities  were  surveyed  on  29  October,  5  November  and  12 
November  1999  for  a  three  week  fall  sample,  and  again  on  31  March, 
7  April  and  14  April  2000  for  a  corresponding  spring  sample.  How¬ 
ever,  all  samples  were  combined  within  each  community  (Brower  et  al. 
1990)  to  increase  sample  sizes  and  because  of  an  exceptionally  mild 
winter  season.  Temperatures  reached  below-freezing  levels  for  brief 
periods  during  only  two  days  of  the  study:  6  December  1999  at  31°F 
and  5  January  2000  at  30 °F. 

Samples  were  taken  during  the  afternoon  hours  between  1:00  and 
5:00  P.M.  to  allow  vegetation  to  dry.  Soil  temperatures  during  the 
sampling  dates  ranged  from  32°C  on  31  March  to  35 °C  on  5  Novem¬ 
ber.  Rainfall  occurred  on  1  and  12  April  (approximately  12  mm  each 
day)  during  the  spring  sampling  period.  Pitfall  traps  were  checked 
immediately  after  the  rains  and  partially  emptied  if  they  had  overflown. 
No  rainfall  occurred  during  the  fall  sampling  period. 
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Arthropods  were  initially  placed  in  70  by  90  mm,  screw-cap,  speci¬ 
men  jars  containing  70%  ethanol.  The  specimen  jars  were  labeled  with 
collecting  locality,  collection  method  and  date.  After  transfer  to  the 
laboratory,  spiders  were  sorted  from  each  sample  and  placed  in  25  by 
60  mm,  screw-cap  vials  and  preserved  in  70%  ethanol.  Each  vial  was 
identified  with  the  same  information  as  the  specimen  jars. 

Each  specimen  was  identified  to  family  utilizing  Kaston  (1978)  and 
Roth  (1993).  Many  spiders  within  the  samples  were  immature,  so  the 
familial  level  of  identification  was  most  appropriate  for  the  entire 
sample.  Additionally,  because  all  specimens  were  included  in  the 
analyses,  absence  of  a  family  from  a  locality  would  less  likely  be  the 
result  of  sampling  error  and,  instead,  be  due  to  microhabitat  differences. 
Johnston  (2000)  utilized  the  familial  taxonomic  level  in  his  model  of 
macroarthropod  food  webs,  as  did  Moulder  &  Reichle  (1972)  in  their 
study  of  forest-floor  arthropod  communities.  In  addition,  Wise  (1993) 
pointed  out  the  utility  of  examining  communities  of  spiders  based  upon 
taxonomic  lines  as  long  as  life  history  generalizations  could  be  inferred 
between  the  taxa. 

Proportional  similarity  community  coefficients  were  calculated  to 
compare  habitats  according  to  methods  presented  in  Brower  et  al. 
(1990).  In  addition,  percentages  of  individuals  collected  by  each  method 
were  calculated  for  all  spider  families  represented  in  the  samples  in 
order  to  determine  possible  microhabitat  associations  within  each 
locality. 


Results 

A  total  of  139  spiders  were  collected  in  the  fall  and  366  in  the  spring 
for  a  total  of  505  spiders.  Specimens  representing  18  families  were  in 
the  combined  sample  (Table  1).  Spiders  of  the  family  Pisauridae 
(nursery  web  spiders)  were  collected  only  in  the  fall,  and  spiders 
belonging  to  the  families  Clubionidae  (sac  spiders),  Oecobiidae  (flatmesh 
weavers),  Scytodidae  (spitting  spiders)  and  Theridiidae  (comb-footed 
spiders)  were  obtained  only  in  the  spring  sample.  Spiders  from  the 
remaining  13  families  were  collected  during  both  sampling  periods. 

During  the  course  of  the  study,  spiders  in  the  families  Gnaphosidae 
(ground  spiders),  Sicariidae  (recluse  spiders),  Oecobiidae,  Pholcidae 
(daddy-longleg  spiders)  and  Scytodidae  were  collected  exclusively  in 
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Table  1 .  Numbers  of  spiders  from  each  family  taken  in  the  three  community  types.  Fall  and 
spring  samples  are  combined. 


FAMILIES 

RIVER 

TERRACE 

UPLAND 

Agelenidae 

3 

5 

1 

Araneidae 

4 

2 

5 

Clubionidae 

2 

0 

0 

Dictynidae 

28 

24 

13 

Filistatidae 

7 

2 

18 

Gnaphosidae 

3 

2 

1 

Sicariidae 

2 

3 

2 

Lycosidae 

45 

13 

15 

Oecobiidae 

0 

2 

0 

Oxyopidae 

10 

3 

13 

Philodromidae 

2 

7 

22 

Pholcidae 

18 

13 

13 

Pisauridae 

0 

0 

2 

Salticidae 

25 

20 

18 

Scytodidae 

0 

1 

0 

Tetragnathidae 

47 

29 

30 

Theridiidae 

0 

0 

2 

Thomisidae 

5 

10 

13 

pitfall  traps.  Spiders  of  the  family  Theridiidae  were  only  collected  by 
sweeping  vegetation  (Table  2). 

Spider  families  collected  by  two  methods  included  the  Agelenidae 
(funnel  weavers),  Clubionidae,  Dictynidae  (meshweb  weavers),  Filistati- 
dae  (crevice  weavers),  Philodromidae  (running  crab  spiders),  Pisauridae 
and  Thomisidae  (crab  spiders).  Funnel  weavers  and  nursery  web  spiders 
were  collected  by  beating  and  pitfall  trapping,  while  sac  and  crevice 
weaver  spiders  were  obtained  by  sweep-netting  and  pitfalls.  Meshweb 
weaver,  running  crab  spiders  and  crab  spiders  were  obtained  only  by 
beating  and  sweeping  vegetation  (Table  2). 

Spiders  belonging  to  the  families  Araneidae  (orb  weavers),  Lycosidae 
(wolf  spiders),  Oxyopidae  (lynx  spiders),  Salticidae  (jumping  spiders) 
and  Tetragnathidae  (long-jawed  orb  weavers)  were  collected  utilizing  all 
three  methods  (Table  2).  However,  most  orb  weavers  and  jumping 
spiders  were  collected  by  beating  and  sweeping  vegetation,  and  the 
majority  of  wolf  spiders  (96%)  were  obtained  from  pitfall  traps.  The 
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Table  2.  Percentage  of  individuals  within  each  spider  family  collected  by  each  method 
utilized  in  the  study.  Total  number  of  individuals  collected  by  each  method  is  given  in 
parentheses.  Fall  and  spring  samples  are  combined. 


FAMILIES 

BEATING 

SWEEPING 

PITFALL 

Agelenidae 

11  (1) 

0  (0) 

89  (8) 

Araneidae 

36  (4) 

55  (6) 

9  (1) 

Clubionidae 

0  (0) 

50  (1) 

50  (1) 

Dictynidae 

28(18) 

72(47) 

0  (0) 

Filistatidae 

0  (0) 

4  (1) 

96(26) 

Gnaphosidae 

0  (0) 

0  (0) 

100  (6) 

Sicariidae 

0  (0) 

0  (0) 

100  (7) 

Lycosidae 

1  (1) 

3  (2) 

96(70) 

Oecobiidae 

0  (0) 

0  (0) 

100  (2) 

Oxyopidae 

23  (6) 

42(11) 

35  (9) 

Philodromidae 

38(11) 

62(18) 

0  (0) 

Pholcidae 

0  (0) 

0  (0) 

100(46) 

Pisauridae 

50  (1) 

0  (0) 

50  (1) 

Salticidae 

44(28) 

49(31) 

7  (4) 

Scytodidae 

0  (0) 

0  (0) 

100  (1) 

Tetragnathidae 

7  (8) 

92(97) 

1  (1) 

Theridiidae 

0  (0) 

100  (2) 

0  (0) 

Thomisidae 

43(12) 

57(16) 

0  (0) 

majority  of  long -jawed  orb  weavers  (92%)  were  captured  by  sweep¬ 
netting,  and  lynx  spiders  were  obtained  in  evenly  distributed  numbers  by 
all  three  collection  methods. 

No  single  locality  contained  all  18  families  of  spiders.  The  river 
locality  contained  14  families  with  the  Oecobiidae,  Pisauridae,  Scytodi- 
dae  and  Theridiidae  being  absent  from  the  samples.  The  terrace  site  had 
a  total  of  15  spider  families  and  lacked  representatives  from  Clubioni- 
dae,  Pisauridae  and  Theridiidae.  The  upland  location  also  contained  15 
spider  families  but  lacked  Clubionidae,  Oecobiidae  and  Scytodidae 
(Table  1). 

Comparing  the  three  sites  by  proportional  similarity  coefficients 
(Table  3)  indicated  that  the  river  and  terrace  communities  were  most 
similar  at  78.9% .  Terrace  and  upland  communities  were  73.1%  similar, 
while  the  river  community  compared  to  the  upland  community  yielded 
an  index  value  of  69.1%.  A  factor  that  may  have  influenced  these 
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Table  3.  Proportional  similarity  community  coefficients  for  the  combined  sample. 


River  Site 

Terrace  Site 

Upland  Site 

River  Site 

0 

78.9 

69.1 

Terrace  Site 

0 

73.1 

Upland  Site 

0 

results  was  community  of  capture  for  some  of  the  spider  families.  Five 
families  (Clubionidae,  Oecobiidae,  Pisauridae,  Scytodidae  and  Theridii- 
dae)  were  captured  in  only  one  community  during  the  study  (Table  1). 
Clubionid  spiders  were  found  only  in  the  river  community,  whereas 
Oecobiid  and  Scytodid  spiders  were  collected  only  in  the  terrace 
community.  Spiders  belonging  to  the  families  Pisauridae  and  Theridii- 
dae  were  taken  only  in  the  upland  community.  In  addition,  filistatid  and 
philodromid  spiders  were  collected  in  highest  numbers  in  the  upland 
community,  whereas  lycosid  and  tetragnathid  spiders  were  obtained  in 
highest  numbers  in  the  river  community  (Table  1). 

Discussion 

Results  of  this  study  seem  to  indicate  that  certain  families  of  spiders 
require  specific  microhabitat  conditions  in  order  to  persist  within  an 
area.  For  instance,  spiders  of  the  family  Agelenidae  were  only  collected 
by  beating  vegetation  and  pitfall  traps,  indicating  a  preference  for  low 
vegetation,  and  perhaps  an  affinity  for  detritus  and  vegetative  cover 
within  an  area.  Spiders  belonging  to  Gnaphosidae,  Sicariidae,  Oecobii¬ 
dae,  Pholcidae  and  Scytodidae  were  obtained  only  in  pitfall  traps.  This 
seems  to  indicate  that  these  spiders  need  cover  in  order  to  persist  within 
a  community.  Also,  gnaphosid,  sicariid,  oecobiid  and  scytodid  spiders 
actively  hunt  some  of  their  prey,  and  probably  fell  into  pitfall  traps 
while  searching  for  food  within  a  community  (Kaston  1978). 

Other  types  of  spiders  are  ambush  hunters  and  conceal  themselves  on 
vegetation.  Woody  or  gramineous  plants  usually  occur  within  their 
microhabitats.  Spiders  in  the  families  Philodromidae  and  Thomisidae  do 
not  build  snares  or  retreats,  but  rely  upon  camouflage  in  order  to 
ambush  prey  (Kaston  1978;  Jackman  1997).  This  specificity  was  reflect¬ 
ed  by  the  fact  that  these  spiders  were  only  obtained  by  methods  that 
directly  sampled  vegetation  within  the  communities.  Conversely, 
dictynid  spiders  build  apical  snares  in  vegetation  and  were  obtained  by 
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beating  and  sweeping.  Pisaurid  spiders  also  were  collected  by  beating 
and  sweeping  the  vegetation,  where  these  nursery  web  spiders  often  hunt 
for  prey.  Interestingly,  pisaurids  were  taken  only  in  the  upland  locality. 
This  may  have  been  due  to  the  mature  trees  and  more  open,  grassy 
vegetation  in  the  upland  community  compared  to  a  lack  of  trees  in  the 
terrace  community  and  complete  ground  cover  at  the  river  site.  With  a 
single  exception,  all  tetragnathid  spiders  were  also  captured  by  beating 
and  sweeping  vegetation.  Long-jawed  orb  weavers  construct  webs  on 
vegetation  (Kaston  1978)  and  capture  prey  in  this  manner.  Standing 
vegetation  should  be  present  within  an  area  in  order  to  support  the 
members  of  these  spider  families. 

Spiders  of  the  families  Clubionidae  and  Filistatidae  build  tubular 
retreats  in  which  to  hide  and  from  where  they  emerge  and  actively  hunt 
prey  (Kaston  1978).  These  types  of  spiders  were  obtained  sweeping 
vegetation  and  in  pitfall  traps,  indicating  that  some  may  have  been  taken 
around  snares,  whereas  others  were  actively  seeking  prey  within  the 
communities.  Adequate  vegetation  and  ground  cover  must  be  present  in 
order  for  these  spiders  to  construct  their  retreats  within  an  area. 
Theridiid  spiders  were  collected  only  from  vegetation  sweeps  during  the 
sampling  sessions  of  the  study  (Table  1),  however  a  male  black  widow 
spider  ( Latrodectus  hesperus)  was  removed  from  a  pitfall  trap  within  the 
upland  site  prior  to  the  beginning  of  the  spring  sampling  period.  Thus, 
comb-footed  spiders  may  have  similar  microhabitat  requirements  as  the 
Clubionidae  and  Filistatidae. 

Three  of  the  remaining  families  (Lycosidae,  Oxyopidae  and  Saltici- 
dae)  contain  species  that  are  active  hunters  during  diurnal  and  nocturnal 
hours.  Members  of  these  families  were  collected  by  all  methods,  likely 
because  of  their  wide-ranging  habits.  Conversely,  Araneidae  contains 
spiders  that  construct  webs,  are  stationary  hunters,  and  have  poor  vision. 
However,  these  spiders  tend  to  be  widespread  throughout  vegetation  and 
were  primarily  obtained  by  all  beating  and  sweeping  methods.  As  a 
group,  these  four  families  would  be  poor  indicators  of  community 
disturbances  because  of  their  ability  to  exploit  more  than  one  type  of 
microhabitat. 

Community  coefficient  analyses  indicate  small  differences  between  the 
three  communities.  Adjacent  communities  are  most  similar  to  each 
other,  whereas  the  river  and  upland  communities  are  least  similar  (Table 
2).  This  linear,  spatial  relationship  may  be  due  to  a  decrease  in  vegeta- 
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tive  diversity  from  the  river  site  to  the  upland  community.  The  river 
community  contained  the  most  gramineous  cover  and  various,  woody 
plants,  whereas  the  upland  community  had  less  grass  cover  and  was 
dominated  by  mesquite.  The  greater  vegetative  cover  and  ready  supply 
of  water  should  provide  more  microhabitats  for  spiders  in  the  river  and 
terrace  sites  than  within  the  more  xeric  upland  site.  However,  some 
families  are  represented  in  a  community  by  only  one  (Scytodidae)  or  two 
(Clubionidae,  Oecobiidae,  Pisauridae  and  Theridiidae)  individuals.  As 
a  result,  coefficient  differences  may  indicate  that  these  spiders  occur  in 
smaller  numbers  in  the  area. 

Differing  habitats  along  the  Rio  Grande  vary  in  familial  composition 
and  numbers  of  individuals  of  their  spider  assemblages.  Whereas  some 
families  were  found  to  be  of  limited  value  in  gauging  habitat  disturb¬ 
ances,  families  such  as  the  Dictynidae,  Filistatidae,  Philodromidae  and 
Thomisidae  would  prove  useful  indicators  of  disturbances  because  of 
microhabitat  specificity.  Continued  studies  of  the  spiders  along  the  Rio 
Grande  should  yield  additional  ecological  information  that  will  be  useful 
to  researchers. 
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Abstract.— This  note  defines  a  scalar  measure  of  the  commutativity  of  two  orthogonal 
projections. 


This  note  is  set  in  the  context  of  a  complex  Hilbert  space  (3~C,  <*|*>). 
It's  purpose  is  to  define  a  scalar  that  tells  whether  or  not  two  projections 
commute.  A  linear  operator  P  on  3 '-f  is  a  projection  if  it  is  self  adjoint 
(P  =  P*)  and  idempotent  (P  =  P2).  It  is  well  known  that  the  projections 
form  a  lattice  where  if  P  and  Q  are  projections,  the  greatest  lower  bound 
PAQ  is  the  projection  on  the  intersection  of  the  range  of  P  and  the  range 
of  Q  and  the  least  upper  bound  P  V  Q  is  the  projection  on  the  closure  of 
the  linear  sum  of  the  range  of  P  with  the  range  of  Q  (Holland  1970). 
Now  the  sum  of  projections  need  not  be  a  projection,  though  the  sum  is 
still  self  adjoint.  Self  adjoint  operators  can  be  partially  ordered  by 
declaring  S  <  T  if  and  only  if  < Sx  |  x >  <  <Tx  |  x>  for  all  x  in  3~f. 
The  following  fact  is  needed  in  the  proof  of  the  first  theorem. 

Let  P  and  Q  be  projections  and  P  +  Q  <  I  in  the  ordering  on  self 
adjoint  operators.  Then  P  i  Q;  that  is,  the  range  of  P  is  orthogonal  to 
the  range  of  Q.  Note  that  P  +  Q  <  I  implies  P  <  I  -  Q  (Halmos  1957). 
One  last  reminder.  The  operator  norm  for  a  self  adjoint  T  is  given  by 
||T||  =LUB{  |  <Tx  |  x>  | :  ||x||  <  1}  (Berberian  1961).  Now  for  the  first 
theorem. 


Theorem  1 

Suppose  P  and  Q  are  projections  that  are  not  both  the  zero  operator. 
Then  the  following  conditions  are  equivalent: 

(1.1)  PQ  =  QP 

(1.2)  PQP  =  QPQ 

(1.3)  P-fQ-PAQisa  projection 
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(1.4)  ||  P  +  Q  -  P  A  Q  ||  =1 

(1.5)  ||  P  +  Q  -  P  A  Q  ||  <1 

(1.6)  I-P-Q  +  PAQis  positive  semidefinite 

Proof.  (1.1)  implies  (1.2):  Suppose  PQ  =  QP.  Then  PQP  = 
PPQ  =  PQ  and  QPQ  =  QQP  =  QP.  Thus  PQP  =  PQ  =  QP  =  QPQ. 

(1.2)  implies  (1.1):  First  note  PQP  =  QPQ  implies  PQP  =  PQPQ 
=  (PQ)2  so  (PQP)2  =  PQPPQP  =  PQPQP  =  (PQ)2P  =  PQPP  =  PQP. 
This  shows  PQP  is  idempotent.  It  is  clearly  self  adjoint  so  PQP  is  a 
projection.  To  establish  (1.1)  the  fact  that  T*T  =  0  implies  T  =  0  for 
operators  on  Hilbert  space  is  used.  Compute  (PQP  -  QP)*(PQP  -  QP) 
=  (PQP  I  PQ)(PQP  -  QP)  =  (PQP)2  -  PQPQP  -  PQPQP  +  PQQP  = 
PQP  -  (PQP)QP  -  (PQ)(PQP)  +  PQP  I  2  PQP  -  (PQ)2P  -  (PQ)2P  = 
2  PQP  -  (PQP)P  -  (PQP)P  —  0.  Thus  PQP  =  QP.  By  taking  adjoints, 
PQP  =  PQ  also  so  (1 . 1)  follows  (Note:  the  argument  given  above  works 
in  any  *-ring  i.e.  a  ring  with  involution  *  where  x  x  =  0  implies  x  = 
0). 

(1.1)  implies  (1.3):  If  PQ  =  QP,  then  PQ  =  P  A  Q  and  P  +  Q  - 
P  A  Q  is  the  supremum  of  P  and  Q  in  the  lattice  of  projections  (Halmos 
1957). 

(1.3)  implies  (1.4):  If  P  +  Q  -  P  A  Q  is  the  zero  projection  then  P 

+  Q  =  P  A  Q  so  PQ  +  Q  =  (P  +  Q)Q  =  (P  A  Q)Q  =  P  A  Q  = 

P  +  Q  which  shows  PQ  =  P  whence  P  <  Q.  Similarly  QP  =  Q  and 
so  Q  <  P.  But  then  P  =  Qso2P  =  P  +  Q  =  PA  Q  =  P  A  P  = 
P  so  P  =  0  —  Q,  a  contradiction.  Thus  P  +  Q-  PAQisa  nonzero 
projection  and  the  operator  norm  of  any  nonzero  projection  is  one. 

(1.4)  implies  (1.5)  is  trivial. 

(1.5)  implies  (1.6):  Next  suppose  ||P  +  Q  -  P  A  Q||  <  1.  Then 

<(P  +  Q  -  P  A  Q)  x  |  x>  <  |  <(P  +  Q  -  P  A  Q)x  |  x  >  |  < 

||  (P  +  Q  -  P  A  Q)x  ||  ||  x  ||  <  ||  P  +  Q  -  P  A  Q  ||  |j  x  |j 2  <  ||  x  || 2 
which  shows  that  P  +  Q-  PAQis  positive  semidefinite. 

(1.6)  implies  (1.1):  Assume  the  condition.  Then  P  +  (Q  -  P  A  Q) 
<  I  so  by  the  remarks  above,  P  1  (Q  -  P  A  Q).  Thus  PQ  -  P  A  Q 
=  P(Q  -  P  A  Q)  =  0  =  (Q  -  P  A  Q)P  =  QP  -  P  A  Q.  Therefore 
PQ  =  QP. 

Note  that  numerous  purely  lattice  theoretic  conditions  equivalent  to 
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PQ  =  QP  are  known.  For  example,  (P  V  Q1)  A  Q  =  P  A  Q  and  (P  A  Q) 
V  (P  A  Q  )  =  P  are  two  such  conditions  (Holland  1970). 

Now  a  scalar  is  introduced  that  will  tell  if  two  projections  commute. 
For  P  and  Q  not  both  the  zero  operator,  define  6(P,Q)  =  ||P  +  Q  -  P  A 

Qll  -  l. 

In  (Piziak  et.  al.  1999),  explicit  formulas  are  given  for  P  A  Q  in  terms 
of  P  and  Q  when  the  Hilbert  space  is  finite  dimensional  so  the  formula 
for  6  can  be  made  more  explicit  in  this  case. 

Theorem  2 

With  the  notation  above 

(2.1)  5(P,Q)  =  S(Q,P) 

(2.2)  0  <  6(P,Q)  <1 

(2.3)  6(P,Q)  =  0  if  and  only  if  PQ  =-QP 

(2.4)  6(P,Q)  =  1  if  and  only  if  ||P  +  Q  -  P  A  Q||  =2 

Proof.  In  view  of  Theorem  1,  only  (2.2)  is  not  immediate.  If  PQ  = 
QP  then  6(P,Q)=0  while  if  PQ  *  QP  then  6(P,Q)  >  0.  Also  ||P  +  Q  - 
P  A  Q||  <  ||P||  +  IQ  -  P  A  Q||  <  2  since  Q  -  P  A  Q  is  a  projection.  Thus 
6(P,  Q)  <  1  always. 

It  is  natural  to  speculate  in  view  of  Theorem  2,  if  some  kind  of 
probability  interpretation  can  be  given  to  6(P,Q).  This  is  pursued  next. 

Theorem  3 

Let  x  and  y  be  unit  vectors  in  3~f  and  P  and  Q  the  projections  onto  the 
one  dimensional  subspaces  they  generate.  Then  ||P  +  Q||  =  1  +  |  <  x  | 

y  >  I  • 

Proof.  There  is  no  loss  in  generality  in  assuming  the  dimension  of  J~C 
is  2  since  the  subspaces  generated  by  x  and  y  reduce  P  and  Q  and  each 
is  the  zero  operator  on  the  orthocomplementary  subspaces.  First  suppose 
that  x  and  y  are  dependent.  Then  P  =  Q  and  ||P  +  Q||  =  ||2P||  =  2. 

Say  y  —  Px;  then  |P|  =  ||Px||  =  ||y||  =  1  and  so  |  < x  |  y  >  |  =  |  <x 
I  Px>|  =  |P|  ||x||2  =  |P|  -  1.  Thus  ||P  +  Q||  =  1  +  |<x  | 
y  >  |  in  this  case.  Now  assume  x  and  y  are  linearly  independent.  Then 
they  form  a  basis  for  J~C.  With  respect  to  this  basis,  the  matrix  of 
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P  is 


1  a 
0  0 


and  the  matrix  of  Q  is 


where  a  =  <  x  |  y  >  .  Since 


0  0 

[a  1. 

P  +  Q  is  self  adjoint,  ||  P  +  Q  ||  is  the  largest  of  its  eigenvalues 
(Halmos  1958).  Now  the  matrix  of  XI  -  (P  +  Q)  with  respect  to  this 


basis  is 
-  1 


A-l  a 

-a  X  -  1 

a\]  [X  -  1  + 


and  so  det[XI  -  (P  +  Q)]  =  (X  -  l)2 
|  a  | ].  So  again  ||  P  +  Q  ||  =  1  + 


a 


=  [X 


a 


Now  the  connection  to  <5(P,Q)  is  apparent. 


Corollary  4 

Let  x  and  y  be  linearly  independent  unit  vectors  in  our  Hilbert  space 
and  P  and  Q  the  projections  onto  the  subspaces  they  generate.  Then 
5(P,Q)  =  |  <  x  |  y  >  | . 

Proof.  Since  x  and  y  are  linearly  independent  P  A  Q  =  0.  Then 
<5(P,Q)  =  ||  P  +  Q  ||  -  1  =  |  <  x  |  y  >  |  by  the  previous  theorem. 

Note  that  if  x  and  y  are  linearly  dependent  then  |  <X  I  y >  I  =  1. 
However,  P  =  Q  and  so  5(P,Q)  =  ||P  +  Q-  PaQ||-1  =  ||P  + 

Q-Qll  -  l  =  ||P||  -1=0. 

Finally,  in  the  conventional  interpretation  of  quantum  mechanics,  each 
unit  vector  represents  a  state.  Then  |  <x  |  y >  | 2  is  interpreted  as  the 
probability  p(x,y)  of  transition  between  the  states.  By  Corollary  4, 
p(x,y)  =  <5(P,Q)2  if  x  and  y  are  linearly  independent.  So  in  particular 
p(x,y)  =  0  if  and  only  if  PQ  =  QP  and  p(x,y)  —  1  if  and  only  if  ||  P 
+  Q  ||  =  2 ,  i.e.  is  as  large  as  possible. 
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STUDIES  ON  THE  NATURAL  HISTORY 
AND  ECOLOGY  OF  SYMPATRIC  WHIPTAIL  LIZARDS 
(CNEMIDOPHORUS  MARMORATUS  AND  C.  TESSELATUS) 
FROM  MADERA  CANYON  (BREWSTER  COUNTY,  TEXAS) 
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Tampa,  Florida  33606 

Abstract.— This  study  addresses  various  aspects  of  the  natural  history  and  ecology  of 
Cn emidophorus  marmoratus  and  C.  tesselatus  (Squamata:  Teiidae)  from  Madera  Canyon, 
Texas  (Brewster  County),  located  on  Big  Bend  Ranch  State  Park  (Chihuahuan  Desert).  The 
mean  snout/ vent  length  (SVL)  was  83.1  mm  for  C.  marmoratus ,  and  85.1  mm  for  C. 
tesselatus.  Actively  foraging  lizards  of  both  species  had  similar  cloacal  temperatures.  They 
are  generalist  predators  that  feed  on  a  variety  of  arthropods,  and  there  was  a  high  degree  of 
dietary  overlap  between  the  two  species  (D  =  0.78).  Major  prey  species  included  beetles 
(26  -  38%),  orthopterans  (24  -  25%),  termites  (9  -  12%),  lepidopteran  larvae  (9  -  11%)  and 
spiders  (8  -  11%).  There  was  a  high  degree  of  overlap  in  temporal  periods  of  activity 
between  these  two  whiptails  (D  =  0.71 ,  spring;  0.78,  summer).  Most  lizards  were  observed 
basking  between  0700  -  0830  hr  CST,  with  peak  activity  to  1059  hr.  Activity  decreased 
markedly  after  1300  hr.  With  respect  to  microhabitat  preferences,  C.  marmoratus  was  most 
frequently  associated  with  open  sandy  areas,  whereas  C.  tesselatus  preferred  foraging  near 
rocks  exposed  to  the  sun  or  within  shaded  areas  of  rock  cover.  Tongue-flicking  rates  when 
foraging  and  when  in  close  proximity  to  conspecifics  were  significantly  higher  in  C. 
marmoratus .  The  potential  for  interspecific  competition  between  these  two  lizards  in  Madera 
Canyon  is  high. 


There  have  been  extensive  studies  focusing  on  various  aspects  of  the 
life  histories  and  ecology  of  the  whiptail  lizards,  Cnemidophorus 
marmoratus  (=  C.  tigris  marmoratus  of  Mitchell  1979)  and  C.  tesselatus 
throughout  much  of  their  range  in  the  southwestern  United  States  (Pack 
1923;  Zweifel  1965;  Knopf  1966;  McCoy  1968;  Pianka  1970;  1986; 
Parker  1972;  Asplund  1974;  Parker  &  Selander  1976;  Vitt  &  Ohmart 
1977;  Schall  1978;  Cuellar  1979;  Mitchell  1979;  Leuck  1982;  Case 
1983;  Anderson  &  Karasov  1988;  Anderson  1993;  Paulissen  et  al.  1993; 
Taylor  &  Buschman  1993;  Vitt  &  Breitenbach  1993;  Taylor  et  al.  1992; 
1994;  1997;  Walker  et  al.  1998),  including  the  Big  Bend  region  of 
Texas  (Tinkle  1959;  Degenhardt  1966;  Milstead  1957a;  1957b;  1965; 
Pianka  1970;  Saxon  1970;  Scudday  &  Dixon  1973;  Walker  et  al.  1991). 

The  marbled  whiptail  of  Trans-Pecos  Texas  (C  marmoratus) ,  con¬ 
sidered  by  some  to  be  a  subspecies  of  C.  tigris  (C.  tigris  marmoratus) 
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sidered  by  some  to  be  a  subspecies  of  C.  tigris  (C.  tigris  marmoratus ) 
(Dessauer  &  Cole  1991),  has  received  little  attention.  This  whiptail,  as 
well  as  the  checkered  whiptail  C.  tesselatus ,  and  the  southwestern 
earless  lizard  Cophosaurus  texanus  scitulus,  are  the  three  most  common 
lizards  found  in  Madera  Canyon  (Punzo  2000a),  a  site  located  near  the 
southwestern  boundary  of  Big  Bend  Ranch  State  Park  (BBRSP;  Brewster 
County,  Texas).  The  ecology  of  C.  texanus  scitulus  at  this  location  has 
been  described  in  detail  (Punzo  2000a).  Cnemidophorus  marmoratus  is 
found  throughout  Trans-Pecos  Texas  (Chihuahuan  Desert)  and  is  most 
commonly  associated  with  open,  sandy  areas  with  sparse  vegetation 
(Bartlett  &  Bartlett  1999).  Cnemidophorus  tesselatus  (part  of  the  C. 
tesselatus  complex  of  Taylor  et  al.  1996)  ranges  from  Trans-Pecos 
Texas  north  to  southeastern  Colorado  (Conant  &  Collins  1998),  and 
prefers  the  more  rocky  areas  of  floodplains,  canyons  and  foothill  uplands 
(Degenhardt  1966;  Garnett  &  Barker  1987;  Walker  et  al.  1998).  The 
purpose  of  the  present  study  was  to  describe  various  aspects  of  the 
natural  history  and  behavioral  ecology  of  C.  marmoratus  and  C. 
tesselatus  in  Madera  Canyon  (MC)  in  order  to  determine  the  ways  in 
which  these  two  teiids  interact  with  one  another. 

Study  Site 

Madera  Canyon  (29°17’30M  N;  103o55’04"  W)  is  approximately  3.1 
km  in  length  and  is  located  at  an  elevation  of  approximately  900  m. 
The  canyon  floor  contains  areas  with  loose,  sandy  soils,  compact  adobe 
soils,  and  gravel  hardpan,  with  an  abundance  of  exposed  rocks  of 
varying  size.  This  canyon  lies  within  the  creosote-lechuguilla-cactus 
association  of  the  Chihuahaun  Desert  (Punzo  1998;  2000b).  For  a 
detailed  description  of  the  vegetation  of  this  region  the  reader  should 
consult  Tinkham  (1948)  and  Powell  (1988). 

Materials  and  Methods 

Cnemidophorus  marmoratus  and  C.  tesselatus  are  strictly  diurnal  and 
were  abundant  at  this  site,  where  their  foraging  activities  and  inter¬ 
actions  were  monitored  throughout  most  of  the  day.  Preliminary  col¬ 
lections  of  lizards  indicated  that  C.  marmoratus  seemed  to  prefer  sandy 
substrates  with  reduced  vegetation,  while  C.  tesselatus  was  more 
typically  observed  on  adobe  soils  with  varying  amounts  of  scattered 
pebbles  and  rocks.  Nevertheless,  these  two  lizards  were  frequently 
observed  foraging  within  close  proximity  to  one  another  (<  .5  m).  In 
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view  of  this,  the  potential  for  competitive  interactions  was  very  real. 
These  lizards  were  observed  at  close  distances  through  binoculars  or 
through  a  Vivitar  400  mm  lens  attached  to  a  Nikon  Fe2  35mm  camera 
mounted  on  a  stationary  tripod.  Observations  were  made  over  the 
course  of  several  months  (April  through  August,  1998),  between  0830 
-  1600  hr  CST,  and  their  behavioral  responses  toward  one  another  and 
foraging  behaviors  were  recorded.  In  addition,  it  was  possible  to  record 
their  tongue-flicking  rates  (TFR  =  number  of  TF  /  min)  when  engaged 
in  basking,  active  foraging,  and  during  periods  when  they  came  within 
close  proximity  of  one  another. 

All  observations  and  lizard  collections  were  conducted  on  a  2.2  ha 
portion  of  the  canyon.  This  area  was  gridded  with  wooden  stakes  and 
thoroughly  censused  between  April  through  August,  1998.  Additional 
sites  along  the  canyon  walls  were  also  sampled  2-3  times  /  wk. 
Lizards  were  collected  by  noosing  or  through  the  use  of  pitfall  traps 
(Punzo  2000a)  and  provided  with  a  unique  identification  number  via  toe 
clipping  and  paint  marks  as  described  by  Punzo  (1982).  The  paint 
marks  allowed  identification  of  individuals  at  a  distance  through 
binoculars.  Pitfall  traps  were  checked  on  a  daily  basis.  Voucher 
specimens  have  been  deposited  in  the  University  of  Tampa  Vertebrate 
Collection. 

For  each  lizard  the  snout-vent  length  (SVL)  was  measured  to  the 
nearest  0. 1  mm  with  vernier  calipers.  Cloacal  temperatures  were 
recorded  with  a  Schultheis  quick-reading  thermometer.  The  soil  type, 
air  temperature,  time  of  capture,  and  physical  features  of  the  micro¬ 
habitat  were  also  recorded.  Data  on  time  of  capture  were  used  to 
determine  diel  periodicity.  All  lizards  were  released  within  48  hr  of 
capture  at  the  original  capture  site. 

The  diet  composition  for  these  two  lizards  was  determined  through  the 
use  of  a  stomach  flushing  technique  as  described  by  Legler  &  Sullivan 
(1979).  Stomach  contents  were  collected  from  90  adult  lizards  for  each 
species.  Only  lizards  captured  for  the  first  time  were  used  in  stomach 
content  analyses.  Following  stomach  flushing,  lizards  were  kept  in 
temporary  holding  cages  for  48  hr  and  then  released  at  their  capture 
sites.  Prey  items  were  identified  to  Order  and  Family  wherever  possi¬ 
ble.  Diet  composition  was  expressed  as  the  number  of  prey  found  in  the 
stomachs,  the  percentage  prey  occurrence  by  volume,  and  the  percent 
frequency  as  described  by  Punzo  (1990). 
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For  trophic  niche  estimates,  the  length  (a)  and  width  (b)  of  each  prey 
item  (exclusive  of  the  legs  and  antennae)  was  measured  to  the  nearest 
0.01  mm  by  using  a  Unitron  Model  81 A  dissecting  microscope  fitted 
with  an  ocular  micrometer.  The  volume  of  each  prey  item  was  then 
determined  by  using  the  equation  for  the  volume  of  a  prolate  spheroid 
as  described  by  Dunham  (1983)  and  Punzo  (1992):  V  =  4/3  tt  (a  /  2) 
(b  /  2)2. 

Levin’s  measure  of  niche  breadth  (B)  was  calculated  from  data  based 
on  size  category  (percent  volume,  PV)  of  food  items  as  described  by 
Krebs  (1989).  Values  can  range  from  0  (prey  species  in  only  one 
resource  category)  to  1.0  (species  represented  equally  in  all  resource 
categories).  Dietary  and  temporal  niche  overlap  (D)  were  estimated 
using  the  method  described  by  Floyd  &  Jenssen  (1983),  based  on  the 
following  equation: 

D  =  1  -  1/2  £  [PX1-  Pyi] 

i=  1  y 

where  [Pxi  and  Pyi]  are  frequencies  of  prey  categories  or  time  intervals 
for  periods  of  activity,  for  species  x  and  y,  respectively,  for  the  i th 
category.  The  index  D,  can  range  from  0  (no  overlap)  to  1 .0  (complete 
overlap).  Frequencies  (%)  of  occurrence  for  various  prey  taxa  (trophic 
niche),  or  time  intervals  of  foraging  activity  (temporal  niche)  were  used 
for  the  determination  of  D  (Schoener  1968;  Floyd  &  Jenssen  1983). 

All  statistical  procedures  followed  those  described  by  Sokal  &  Rohlf 
(1995). 


Results  and  Discussion 

The  SVL  for  C.  marmoratus  collected  in  pitfall  traps  or  by  noosing 
ranged  from  73  -  97  mm  (mean:  83.1  ±  0.58  SE;  n  =  133).  For  C. 
tesselatus ,  values  ranged  from  68  -  101  (mean:  85.1  ±  0.44;  n  =  108). 
The  average  air  temperature  at  time  of  capture  for  both  species  was  27.3 
±0.13  SE.  There  were  no  significant  differences  in  the  cloacal  tem¬ 
peratures  between  C.  marmoratus  (mean:  38.5  ±  0.03  SE)  and  C. 
tesselatus  (mean:  37.8  ±  0.04)  ( t  =  0.94,  P  >  0.5).  Similar  cloacal 
temperatures  have  been  reported  (Parker  1972;  Cuellar  1979;  Mitchell 
1979;  Pianka  1986;  Anderson  &  Karasov  1988;  Walker  et  al.  1991)  in 
foraging  individuals  of  C.  tigris,  C.  tesselatus ,  C.  uniparens ,  C. 
inomatus  and  C.  gularis. 
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Table  1 .  The  percentage  occurrence  by  volume  of  each  prey  type  found  in  the  stomachs  of 
Cnemidophorus  marmoratus  and  C.  tesselatus  at  Madera  Canyon,  n  =  90  adult  lizards 
for  each  species.  NP  =  number  of  prey;  PV  =  percent  volume;  PF  =  percent 
frequency;  Undet.  =  undetermined  A  -  adults;  N  =  nymphs;  L  =  larvae.  See  text  for 
details. 


Cnemidophorus  tesselatus  Cnemidophorus  marmoratus 

Prey  taxon  NP  PV  PF  NP  PV  PF 


Arachnida  (A) 

Acarina 

Araneae 

Scorpionida 

Solifiigae 

Undet. 

Chilopoda  (N) 

Insecta 

Blattoidea  (A,  N) 
Coleoptera 
Carabidae  (A) 
Scarabaeidae  (A) 
Tenebrionidae  (A) 
Undet.  (A,L) 
Diptera  (A) 

Hemiptera  (A,N) 
Homoptera  (A) 
Hymenoptera 
Formicidae  (A) 
Isoptera  (A) 
Lepidoptera  (L) 
Neuroptera 
Myrmeleontidae  (L) 
Orthoptera 
Acrididae  (A,N) 
Gryllidae  (A) 
Tettigoniidae  (A,N) 
Undetermined  (A,N) 

Total 


80 

10.1 

68.8 

7 

0.8 

7.7 

9 

1.7 

10.0 

3 

0.2 

3.3 

3 

0.2 

3.3 

33 

19.7 

35.5 

9 

5.9 

10.0 

4 

0.4 

4.4 

46 

11.7 

38.8 

3 

0.1 

3.3 

11 

1.9 

12.2 

6 

0.5 

6.6 

16 

1.1 

15.5 

604 

12.1 

97.7 

27 

9.2 

23.3 

9 

0.3 

8.8 

35 

8.7 

32.2 

13 

3.6 

14.4 

5 

0.5 

5.5 

65 

11.3 

55.5 

988 

1 1 

0.8 

8.8 

67 

8.6 

60.0 

12 

1.1 

11.1 

9 

0.6 

10.0 

6 

1.1 

5.5 

22 

11.6 

21.1 

3 

0.4 

3.3 

2 

0.1 

2.2 

54 

14.4 

46.6 

16 

2.7 

17.7 

3 

0.2 

3.3 

24 

1.6 

20.0 

447 

9.9 

86.6 

36 

10.5 

31.1 

14 

1.1 

12.2 

21 

6.8 

23.3 

23 

7.8 

20.0 

7 

0.4 

7.7 

56 

833 

9.9 

51.1 

The  diet  composition  for  these  lizards  is  shown  in  Table  1.  The 
results  indicate  that  these  lizards  are  generalist  predators  that  will 
consume  a  wide  variety  of  arthropod  prey.  This  is  in  general  agreement 
with  previous  studies  on  diet  composition  in  teiid  lizards  of  similar  size 
that  are  found  in  similar  habitats  (Pack  1923;  Milstead  1957b;  1958; 
McCoy  1968;  Scudday  &  Dixon  1973;  Mitchell  1979;  Pianka  1986; 
Anderson  1993;  Paulissen  et  al.  1993;  Eifler  &  Eifler  1998).  Measure¬ 
ment  of  trophic  niche  breadth  indicated  that  most  prey  species  are 
represented  by  relatively  few  resource  categories  (B  =  0.44).  The 
results  also  show  that  there  was  a  high  degree  of  dietary  overlap 
between  C.  marmoratus  and  C.  tesselatus  (D  =  0.78). 
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At  MC,  the  major  prey  items  (PV)  for  C.  tesselatus  and  C.  mar- 
moratus  included  insects  such  as  beetles  (37.7  and  26.5%,  respectively), 
orthopterans  (24.1  and  24.9%),  termites  (12.1  and  9.9%),  lepidopteran 
larvae  (9.2  and  10.5%)  and  spiders  (10.1  and  8.6%).  Individuals  of 
both  species  tongue-flicked  regularly  and  were  observed  digging  in 
sandy  soil  and  using  their  forelimbs  to  explore  under  surface  debris.  As 
a  result,  they  were  able  to  find  scorpions  and  the  larvae  of  beetles  and 
ant  lions  (although  these  prey  types  accounted  for  only  a  small  propor¬ 
tion  of  their  diets). 

One  individual  of  C.  marmoratus  was  observed  in  the  act  of  capturing 
a  scorpion.  This  potentially  dangerous  prey  was  grasped  by  the  cephalo- 
thorax,  vigorously  shaken,  released,  quickly  grasped  and  shaken  again, 
and  then  rubbed  forcefully  against  the  ground  surface  until  all  move¬ 
ments  ceased.  This  behavior  was  not  observed  at  any  time  when 
non-dangerous  types  of  arthropods  were  captured.  O’Connell  & 
Formanowicz  (1998)  observed  a  similar  behavioral  pattern  in  the  hand¬ 
ling  of  scorpions  by  captive  Texas  spotted  whiptails,  Cnemidophorus 
gularis  from  Terrell  County,  Texas.  When  juveniles  or  adults  of  C. 
gularis  encountered  a  scorpion,  it  was  grasped  in  the  jaws,  shaken 
violently,  and  often  thrown  across  the  cage.  This  was  followed  by 
repeated  attacks  until  the  scorpion  was  immobilized.  Non-dangerous 
prey  such  as  crickets  were  grasped  and  sometimes  rubbed  against  the 
ground,  but  never  shaken  or  thrown. 

Other  species  of  arthropods  such  as  meloid  beetles,  millipedes  and 
velvet  ants  (mutillids),  which  were  common  at  this  site  and  are  known 
to  possess  effective  chemical  defenses  (Punzo  2000b),  were  not  found 
in  the  stomachs  of  these  lizards.  This  suggests  that  they  learn  to  avoid 
arthropods  on  the  basis  of  unpleasant  encounters  with  them  early  in  life. 

The  diel  periodicity  for  C.  marmoratus  and  C.  tesselatus  is  shown  in 
Table  2.  Both  species  are  strongly  diurnal.  No  individual  of  either 
species  was  observed  at  the  ground  surface  before  0500  or  after  1900  hr 
CST.  There  was  no  significant  difference  in  time  of  activity  between 
spring  and  summer  months  at  this  site  (G  =  1. 1,  P  >  0.5)  Most  of  the 
individuals  of  C.  marmoratus  (36.7  -  36.9%)  and  C.  tesselatus  (38  - 
40.6%)  were  observed  at  the  surface  between  0700  -  1059  hr.  Basking 
occurred  primarily  between  0700  -  0830  hr,  when  soil  temperatures 
reached  28  -  30 °C,  followed  by  foraging  activities.  Activity  decreased 
markedly  after  1300  hr  when  soil  temperatures  reached  50 °C.  The 
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Table  2.  Daily  activity  patterns  of  Cnemidophorus  marmoratus  and  C.  tesselatus  at  Madera 
Canyon  (Brewster  County,  Texas).  Data  expressed  as  percent  of  individuals  active  at  a 
particular  time  interval  (CST).  Actual  number  of  lizards  observed  at  each  time  interval 
given  in  parentheses.  Spring  (1  April  -  20  June);  Summer  (21  June  -  31  August).  See 
text  for  details. 


Cnemidophorus  marmoratus 

Cnemidophorus  tesselatus 

Time  of  activity 

Spring 

Summer 

Spring 

Summer 

0500  -  0659 

0 

0.7  (1) 

1.8  (2) 

0 

0700  -  0859 

14.3(19) 

18.7(25) 

19.4(21) 

13.9(15) 

0900  -  1059 

22.6(30) 

18.0(24) 

21.2(23) 

24.1  (26) 

1100  -  1259 

7.5(10) 

3.8  (5) 

5.6  (6) 

3.7  (4) 

1300  -  1459 

5.3  (7) 

1.5  (2) 

3-7  (4) 

0.9  (1) 

1500  -  1659 

3.0  (4) 

1.5  (2) 

2.8  (3) 

0.9  (1) 

1700  -  1859 

0.7  (1) 

2.2  (3) 

0 

1.8  (2) 

1900  -  2059 

0 

0 

0 

0 

index  for  temporal  niche  overlap  (D)  yielded  a  value  of  0.71  and  0.78 
for  spring  and  summer,  respectively,  indicating  a  high  degree  of  overlap 
in  activity  patterns  for  these  two  species. 

Pianka  (1970)  reported  a  bimodal  pattern  of  activity  for  C.  tigris 
from  the  Sonoran  Desert,  with  peak  periods  of  activity  between  0700  - 
1200,  and  1400  -  1530.  Mitchell  (1979)  also  reported  a  bimodal  activity 
pattern  for  C.  inomatus  (0900  -  1159;  1500  -  1730  hr)  and  C.  uniparens 
(0700  -  100;  1600  -  1800  hr)  from  southeastern  Arizona.  Milstead 
(1957a)  found  that  the  peak  period  of  activity  for  C.  exsanguis ,  C. 
tesselatus  and  C.  tigris  from  Trans- Pecos  Texas  was  between  0800  - 
1130  hr  and  ended  between  1100  -  1300  hr.  It  remained  low  for  the 
rest  of  the  afternoon  and  then  increased  again  between  1630  -  1730  hr. 
Bimodal  activity  patterns  have  also  been  reported  for  representatives  of 
a  number  of  lizard  families  inhabiting  the  deserts  of  North  America, 
Africa,  and  Australia  (Pianka  1986).  Interestingly,  at  the  MC  site,  the 
activity  period  was  not  bimodal,  and  afternoon  activity  levels  remained 
low. 

The  utilization  of  various  microhabitats  by  C.  marmoratus  and  C. 
tesselatus  is  shown  in  Table  3.  The  classification  of  microhabitats 
follows  that  described  by  Pianka  (1986).  Cnemidophorus  marmoratus 
prefers  open  areas  in  the  sun  (30.8%)  or  in  the  shade  (36.5%),  with 
little  vegetation  and  rock  cover.  Cnemidophorus  tesselatus ,  in  contrast, 
was  most  frequently  observed  basking  or  foraging  near  rocks  exposed 
to  direct  sunlight  (38.8%)  or  foraging  within  shaded  areas  of  rock  cover 
(25.6%).  There  were  not  many  locations  on  the  floor  of  MC  where 
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Table  3.  Percentage  utilization  of  various  microhabitats  by  Cnemidophorus  marmoratus  ( n 
=  285)  and  C.  tesselatus  ( n  =  188)  at  Madera  Canyon.  Values  represent  the  percent  of 
individuals  observed  in  each  microhabitat.  Numbers  in  parentheses  represent  the  actual 
number  of  lizards  observed.  See  text  for  details. 


Microhabitat 

Cnemidophorus  marmoratus 

Cnemidophorus  tesselatus 

Open  sun 

30.8  (88) 

1A  (14) 

Grass  sun 

0.7  (2) 

4.2  (8) 

Bush  sun 

9.8  (28) 

5.9  (11) 

Rock  sun 

2.5  (7) 

38.8  (73) 

Open  shade 

36.5(104) 

5.3  (10) 

Grass  shade 

1.8  (5) 

3.7  (7) 

Bush  shade 

15.7  (45) 

9.0  (17) 

Rock  shade 

2.1  (6) 

25.6  (48) 

grasses  were  found,  which  may  account  for  the  low  frequencies  ob¬ 
served  for  grassy  areas. 

Neither  species  exhibited  any  intra-  or  interspecific  aggression 
whenever  they  were  observed  within  close  proximity  (<  0.5  m)  to  one 
another.  They  avoided  any  physical  contact,  and  once  aware  of  the 
other’s  presence  they  would  move  away  from  each  other.  This  is 
consistent  with  previous  studies  which  have  indicated  a  reduced  level  of 
aggression  and  general  lack  of  home-range  defense  in  lizards  of  the 
genus  Cnemidophorus  (Stamps  1977;  1994;  Eifler  &  Eifler  1998).  It 
has  been  argued  that  this  reduced  level  of  aggression  may  be  related  in 
some  part  to  their  preference  to  forage  on  the  ground,  close  to  bushes, 
grasses,  or  surface  debris  which  would  obstruct  their  visual  field, 
coupled  with  their  reluctance  to  climb  or  use  elevated  perch  sites 
(Stamps  1977).  Both  of  these  factors  would  reduce  visibility  thereby 
making  it  more  difficult  to  locate  potential  intruders.  In  addition, 
although  many  teiids  utilize  burrows  as  shelter  sites,  no  species  has  been 
shown  to  consistently  defend  its  burrow  against  intruders  (Leuck  1982). 
In  contrast,  Carpenter  (1960)  found  some  level  of  intraspecific  aggres¬ 
sion  and  territorial  defense  in  C.  sexlineatus  from  Oklahoma. 

In  comparison  to  actively  foraging  C.  tesselatus  (mean  TFR:  11.4  ± 
1.9  SE),  C.  marmoratus  exhibited  a  significantly  higher  TFR  (/  =  4.8, 
P  <  0.05)  when  foraging  (17.3  ±  2.3)  and  when  in  close  proximity  to 
C.  tesselatus  (12.8  ±  2.8  vs.  7.1  +  1.3,  P  <  0.05).  No  significant 
interspecific  differences  were  found  ( P  >  0.5)  when  basking  (8.5  ±1.1 
vs.  6.9  ±  0.8,  for  C.  marmoratus  and  C.  tesselatus ,  respectively),  or 
when  a  conspecific  was  approached  (8.9  ±  0.8  vs.  7.5  ±  1.2).  Cnemi¬ 
dophorus  tesselatus  exhibited  lower  TFR  than  C.  marmoratus  under  all 
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behavioral  states  which  is  interesting  in  view  of  the  fact  that  C. 
tesselatus  has  been  described  as  being  less  wary,  and  less  frenetic  in  its 
movement  patterns  when  compared  to  C.  marmoratus  and  C.  tigris  (cf. 
Garrett  &  Barker  1987;  Conant  &  Collins  1998).  Since  teiids  rely 
heavily  on  tongue  extrusions  to  sample  the  environment  for  olfactory 
cues  associated  with  potential  prey,  predators  or  conspecifics  (Simon 
1983;  Cooper  1997),  less  wary  individuals  might  be  expected  to  exhibit 
lower  TFR. 

In  summary,  C.  marmoratus  and  C  tesselatus  in  Madera  Canyon 
have  similar  foraging  behaviors,  diets,  thermal  requirements  and  tempor¬ 
al  activity  patterns.  As  a  result,  the  potential  for  interspecific 
competition  is  high.  The  Trans-Pecos  region  of  Texas  can  experience 
annual  periods  of  drought  (Medellin- Leal  1982;  Punzo  2000b)  which 
have  been  shown  to  reduce  available  arthropod  prey  (Milstead  1957b; 
Punzo  1998)  and  increase  intra-  and  interspecific  competition  in 
sympatric  desert  lizards  (Schoener  1977;  Dunham  1983;  Scheibe  1987; 
Pianka  1986;  Nunez  et  al.  1989;  Punzo  2000a). 
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Abstract.— The  statistical  correlation  between  mammalian  species  richness  and  a  suite  of 
twelve  climatic  variables  is  examined  for  the  state  of  Texas.  The  taxa  include  the  total 
number  of  native  land  mammals  studied  (141  sp.)  as  well  as  the  number  of  species  of  the 
orders  Chiroptera  (31  sp.),  Rodentia  (62  sp.)  and  Carnivora  (29  sp.).  At  the  taxonomic  and 
geographical  scales  of  this  analysis,  climate  is  a  weak  predictor  of  mammalian  species 
richness.  Many  of  the  climatic  variables  are  not  orthogonal  to  each  other.  The  presence  of 
variables  that  are  not  mutually  orthogonal,  introduces  multicollinearity  into  regression 
models,  when  these  parameters  are  used  as  independent  variables.  It  is  suggested  that  these 
results  may  be  scaling  effects. 


Owen  &  Schmidly  (1986)  compiled  a  suite  of  twelve  climatic  varia¬ 
bles  for  Texas  and  reported  their  matrix  of  simple  correlation.  These 
climatic  variables  represent  aspects  of  temperature  and  precipitation. 
Long-term  climatic  averages  are  known  to  closely  match  the  distributions 
of  a  few  species.  An  excellent  example  for  mammals  is  the  contem¬ 
porary  distribution  of  the  common  vampire  bat  Destnodus  rotundus. 
Laboratory  experiments  have  demonstrated  that  this  species  is  a  poor 
thermoregulator  at  an  ambient  temperature  below  10°C  (McNab  1969). 
Its  northern  limits  of  distribution  closely  match  the  10°C  minimal 
isotherm  for  January  in  northern  Mexico;  its  southern  limits,  in  southern 
South  America,  match  the  10°C  minimal  isotherm  for  July  (McNab 
1973).  This  coincidence  of  geographical  and  climatic  patterns,  in 
combination  with  mechanistic  laboratory  studies  that  relate  climate  to 
organismal  physiology,  make  a  strong  argument  for  the  influence  of 
climate  in  setting  the  distributional  limits  of  vampires. 

Other  studies  have  correlated  mammalian  species  richness  in  North 
America  with  actual  evapotransporation,  which  is  a  measure  of  available 
environmental  energy  (Wilson  1974;  Currie  1991).  Mechanistic  inter¬ 
pretations  of  the  functional  relationship  between  ambient  energy  and 
richness  may  depend  on  scale.  At  a  continental  scale  energy  is  posi¬ 
tively  correlated  with  richness  in  Mammalia.  On  regional  and  local 
scales  it  has  a  hump-shaped  relationship  with  richness  in  Rodentia 
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(Abramsky  &  Rosenzweig  1984;  Rosenzweig  1995). 

The  purpose  of  this  paper  is  to  explore  the  relationships  between 
climate  and  mammalian  species  richness  through  an  analysis  of  their 
simple  correlation  coefficients.  These  correlation  coefficients  also  are 
compared  and  contrasted  with  their  corresponding  regression  coefficients 
in  Owen  (1990).  This  paper  differs  from  Owen  (1990)  because  correla¬ 
tion  coefficients  and  regression  coefficients  do  not  provide  the  same 
information  (Montgomery  &  Peck  1982),  unless  the  variables  constitute 
an  orthogonal  set  (not  the  case  here).  This  is  because  the  absolute 
values  and  signs  of  the  coefficients  in  a  multiple  regression  model  are 
influenced  by  the  presence  of  the  other  regressor  variables.  One  cannot 
predict  the  value  that  a  particular  variable,  in  a  multiple  regression 
model,  would  have  had  if  the  variable  had  been  taken  alone.  In  con¬ 
trast,  the  simple  correlation  coefficient,  by  definition,  is  a  symmetrical 
relationship  that  is  only  dependent  upon  the  two  variables  under  con¬ 
sideration. 

The  climatic  and  taxonomic  variables,  their  pairwise  correlations  and 
their  significance  levels,  as  well  as  the  definitions  of  the  variables  will 
follow.  The  mammalian  taxa  considered  include  the  total  number  of 
native  land  mammals  (141  sp.)  as  well  as  the  individual  species  of  the 
orders  Chiroptera  (31  sp.),  Rodentia  (62  sp.)  and  Carnivora  (29  sp.) 
(Owen  1985).  Davis  &  Schmidly  (1994)  list  a  total  of  142  species  of 
native  land  mammals  for  Texas,  including  32  species  of  Chiroptera,  64 
Rodentia  and  28  Carnivora.  These  slight  changes  are  not  considered 
significant  for  the  purposes  of  this  study.  The  study  area  is  the  state  of 
Texas  and  the  scale  is  regional.  The  word  regional  is  used  in  reference 
to  an  area  that  it  is  large  enough  to  include  several  of  the  Life  Areas  of 
North  American  (Kendeigh  1974)  but  smaller  than  the  entire  continent. 
Such  is  the  case  for  Texas.  This  definition  concords  with  usage  of  the 
term  in  the  literature  (Ricklefs  1987). 

It  is  worthwhile  to  bear  in  mind  the  difference  between  species  distri¬ 
butions  and  distribution  of  species  richness.  Richness  is  the  total 
number  of  species  that  coexist  (at  the  scale  of  measurement  under 
consideration)  at  a  given  place  and  time.  Distribution  is  essentially  a 
concept  of  occupied  area,  its  location  and  its  perimeter.  Ultimately 
richness  dependents  upon  a  coincidence  of  distributions,  but  because  of 
the  individualistic  nature  of  distributions  (Brown  et  al.  1996),  there  is  no 
exact  inferential  relationship  between  the  two. 
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Methods  and  Materials 

The  level  of  aeriographic  resolution  of  this  report  was  a  system  of 
square  quadrats  63.9  km  on  a  side.  The  system,  consisting  of  189 
squares,  was  randomly  superimposed  on  a  Lambert’s  conical  projection 
map  of  Texas.  Within  each  quadrat,  the  presence  or  absence  of  141 
species  of  native  mammals,  whose  geographical  ranges  include  Texas  or 
some  closely  adjacent  areas  in  Mexico  and  New  Mexico,  were  recorded 
(Owen  1988).  The  species  richness  of  a  given  quadrat  is  represented  by 
the  number  of  species  present  or  potentially  present  in  it,  as  depicted  by 
the  range  maps. 

Personnel  of  the  federal  government  at  183  independent  weather 
stations,  spanning  the  entire  state,  collected  the  original  climatic  data. 
Most  of  the  climatic  information  was  obtained  from  summary  sheets 
published  by  the  U.S.  Department  of  Commerce.  The  time  periods  for 
which  climatic  data  were  available  varied  among  quadrats,  according  to 
the  date  at  which  weather  stations  had  been  established  at  different 
places.  Almost  all  of  the  variables  (Table  1)  were  based  on  a  minimum 
of  10  years  worth  of  data,  many  on  considerably  more  years. 

A  normality  test  (Kolmogorov-Smirnov)  indicated  that  the  data  varied 
significantly  from  the  pattern  expected  if  it  were  drawn  from  a  popula¬ 
tion  with  a  normal  distribution.  Therefore,  a  test  for  independence  using 
the  nonparametric  Spearman’s  rs  was  conducted.  This  is  the  same  as  the 
classical  sample  correlation  coefficient  applied  to  the  rankings  of  the  x 
and  y  observations  within  their  respective  samples  (Hollander  &  Wolfe 
1973). 


Results 

At  an  alpha  level  of  0.05  or  less,  about  69%  of  the  entries  in  Table 
2  were  significant.  Each  variable  was  significant  for  one  or  more  taxa. 
Two  variables,  mean  annual  precipitation  and  mean  intermonthly  varia¬ 
bility  of  precipitation,  were  significant  for  each  of  the  four  taxa.  The 
strongest  correlations  were  with  mean  annual  precipitation.  Mean 
annual  precipitation  is  strongly  associated  with  estimates  of  primary 
productivity  in  Texas,  rs  =  0.99  (Owen  &  Schmidly  1986),  thus  these 
two  variables  may  be  used  as  statistical  surrogates  for  each  other.  The 
signs  of  mean  annual  precipitation  and  mean  intermonthly  variability  of 
precipitation  were  negative  for  Mammalia,  Chiroptera  and  Rodentia. 
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Table  1.  Definitions  of  climatic  variables. 

1.  Number  of  hot  days.— Mean  number  of  days  per  year  with  an  average  temperature  > 
32°C. 

2.  Maximum  temperature.— Maximum  temperature  recorded  in  period  of  record. 

3.  Mean  July  temperature.— Hottest  month. 

4.  Standard  deviation  of  mean  July  temperatures.— Standard  deviation  of  mean 
temperatures  of  hottest  month. 

5.  Number  of  cold  days.— Mean  number  of  days  per  year  with  average  temperature  < 
0°C. 

6.  Minimum  temperature. — Minimum  temperature  recorded  in  period  of  record. 

7.  Mean  January  temperature.— Coldest  month. 

8.  Standard  deviation  of  mean  January  temperatures.— Standard  deviation  of  mean 
temperatures  of  coldest  month. 

9.  Mean  annual  temperature.— Mean  of  average  monthly  temperatures. 

10.  Mean  annual  temperature  range. — Mean  of  July  temperatures  minus  mean  of  January 
temperatures. 

1 1 .  Mean  annual  precipitation.— Sum  of  mean  of  monthly  precipitation  totals. 

12.  Mean  intermonthly  variability  of  precipitation.— Mean  value  of  absolute  differences 
between  average  precipitation  totals  of  consecutive  months. 


These  negative  signs  reflect  the  high  richness  of  these  groups  in  western 
Texas,  where  productivity  is  low.  Carnivora  has  higher  richness  in  the 
more  central  parts  of  the  state  (Owen  1988;  1990),  where  some  carni¬ 
vore  species  may  be  responding  to  Balcones  Fault  riprarian  habitat.  A 
regression  of  carnivore  richness  on  precipitation,  or  its  statistical 
surrogate  productivity,  has  a  significant  quadratic  term  and  is  curviline¬ 
ar.  The  mode  of  this  curve  occurs  over  precipitation  values  character¬ 
istic  of  quadrats  in  central  Texas  (Owen  1988).  This  explains,  statis¬ 
tically,  why  carnivore  richness  is  not  highest  in  eastern  Texas,  as  the 
correlation  coefficient  might  suggest. 

The  signs  of  the  partial  regression  coefficients  in  Owen  (1990) 
matched  the  signs  of  the  correlation  coefficients  in  this  paper,  with  the 
exception  of  the  variable  mean  January  temperature,  for  Chiroptera. 
Five  of  the  variables  in  Owen  (1990)  that  had  significant  partial  regres¬ 
sion  coefficients  had  simple  correlation  coefficients  that  were  not 
significant.  Inconsistencies  between  the  values  of  the  regressors 
presented  in  Owen  (1990),  and  their  corresponding  correlation  coeffi- 
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Table  2.  Spearman  rank  correlation  coefficients,  rs  (left)  and  their  corresponding  values  of 
alpha,  (right)  between  12  environmental  variables  and  mammalian  species  richness  in 
Texas,  n  =  189  (number  of  quadrats). 


Environmental  variables 

Mammalia 

Chiroptera 

Rodentia 

Carnivora 

(1)  Number  hot  days 

0.29  (0.000) 

0.12  (0.10) 

-0.07  (0.31) 

0.33(0.000) 

(2)  Maximum  temperature 

0.13  (0.07) 

-0.12  (0.10) 

0.17  (0.02) 

0.07  (0.37) 

(3)  Mean  July  temperature 

0.006  (0.93) 

-0.21  (0.005) 

-0.37  (0.000) 

0.57  (0.000) 

(4)  Standard  deviation  mean 
July  temperature 

0.15  (0.04) 

0.10  (0.18) 

0.41  (0.000) 

-0.40  (0.000) 

(5)  Number  cold  days 

0.14  (0.05) 

0.12  (0.11) 

0.66  (0.000) 

-0.68  (0.000) 

(6)  Minimum  temperature 

0.01  (0.84) 

0.18  (0.01) 

-0.44  (0.000) 

-0.40  (0.000) 

(7)  Mean  January  tempera¬ 
ture 

-0.0003  (0.997) 

0.02  (0.81) 

-0.54  (0.000) 

0.64  (0.000) 

(8)  Standard  deviation  mean 
January  temperature 

-0.38  (0.000) 

-0.24  (0.000) 

-0.38  (0.000) 

0.07  (0.31) 

(9)  Mean  annual  temperature 

-0.02  (0.76) 

-0.06  (0.38) 

-0.56  (0.000) 

0.66  (0.000) 

(10)  Mean  annual 

temperature  range 

-0.04  (0.60) 

-0.16  (0.03) 

0.46  (0.000) 

-0.51  (0.000) 

(11)  Mean  annual  precipi¬ 
tation 

-0.46  (0.000) 

-0.43  (0.000) 

-0.73  (0.000) 

0.57(0.000) 

(12)  Mean  intermonthly  varia¬ 
bility  of  precipitation 

-0.24  (0.001) 

-0.29  (0.000) 

-0.62  (0.000) 

0.52(0.000) 

cients  in  this  paper,  may  be  explained  by  the  effects  of  mutual  correla¬ 
tions  between  the  independent  variables  themselves  (Steel  &  Torrie 
1980).  When  the  regressors  in  a  model  are  correlated,  i.e. ,  not  orthogo¬ 
nal,  the  functional  response  of  any  given  variable  dependents  on  the 
values  of  the  other  variables  that  are  present.  Regression  coefficients 
are  subject  to  change  in  magnitude,  sign  and  variance  according  to 
model  specification  (Chatterjee  &  Price  1977;  Montgomery  &  Peck 
1982).  This  appears  to  have  been  the  case  with  the  equations  in  Owen 
(1990),  in  spite  of  having  relatively  low  variance  inflation  factors.  It  is 
noted,  parenthetically,  that  multicollinearity  does  not  effect  the  predictive 
value  of  the  models  used  by  Owen  (1990).  This  same  problem  probably 
obtains  for  many  suites  of  environmental  variables  used  in  ecological 
studies. 

Discussion 

Long-term  climatic  conditions  may  be  useful  in  explaining  the 
geographic  distributions  of  some  species.  Nevertheless,  knowledge  of 
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the  effects  of  climate  on  the  distributions  of  a  few  climate  sensitive 
species  may  be  of  little  help  in  explaining  patterns  of  geographical 
richness  at  a  regional  scale.  This  is  because  richness  depends  by 
definition,  not  on  distribution,  but  on  distributional  overlap,  and  the 
effects  of  climate  on  distributions,  and  hence  their  overlap,  are  highly 
individualistic  (Brown  et  al.  1996). 

It  is  unlikely  that  any  two  randomly  chosen  species,  even  if  they 
turned  out  to  be  limited  by  the  same  climatic  variable,  e.g.,  temperature 
extremes,  would  be  limited  by  that  variable  to  the  same  degree.  One 
species  would  probably  tolerate  higher  extremes  better  than  the  other 
would.  The  more  temperature  tolerant  species  would  extend  its  range 
out  farther  along  a  temperature  gradient,  thus  reducing  species  richness 
in  the  zone  where  the  two  species  do  not  overlap.  At  the  same  time  the 
more  temperature  tolerant  species  could  come  into  contact  with  a  third 
species  that  is  not  sympatric  with  the  first  two.  There  are  many  com¬ 
binational  possibilities.  See  McNab  (1982: Figure  28)  for  examples  of 
temperature  limited  distributions  of  neotropical  bats.  Add  to  this  varia¬ 
tion  other  idiosyncratic  aspects  of  species  autecology  and  the  degree  of 
range  overlap  may  become  intractable  for  the  purposes  of  prediction. 

The  data  for  Texas  do  not  reveal  a  consistent  or  strong  coincidence 
between  climate  and  mammalian  species  richness.  These  taxa  exhibit 
only  a  modest  number  of  statistically  significant  but  generally  low 
correlations  with  the  states  overall  climate.  Here  the  appelative  "low" 
means  that  these  correlations  do  not  have  sufficient  magnitude  to  be 
useful  as  predictors  (Mendenhall  1979);  it  is  recognized  that  usefulness 
is  a  matter  of  degree  and  so  the  meaning  of  “low”  becomes  somewhat 
arbitrary.  This  lack  of  association  characterizes  both  the  number  of 
significant  values  within  a  given  variable  across  taxa  and  the  number  of 
significant  values  within  a  taxon  across  variables.  The  mean  absolute 
value  of  the  correlation  coefficients  is  0.31.  In  a  simple  regression  the 
value  0.31  would  explain  less  than  10%  of  the  variation  in  the  data. 
These  data  do  not  support  the  conjecture  that  regional  mammalian  rich¬ 
ness  is  strongly  influenced  by  the  regional  climate. 

Usually  the  climate  changes  only  slowly  in  Texas,  with  horizontal 
distance,  between  two  places  that  remain  at  about  the  same  elevation. 
Except  for  the  Trans-Pecos,  Texas  does  not  have  substantial  topographi¬ 
cal  relief.  Distances  in  the  state  could  be  too  small  for  climatic 
differentials  to  be  effective  as  determinants  of  richness  patterns  in 
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mammals.  Perhaps  one  would  have  to  correlate  climate  with  richness 
by  using  a  geopolitical  boundary  on  the  scale  of  the  United  States,  or  by 
using  all  of  North  America,  to  resolve  large  differences.  Clearly  bat 
richness  and  temperature  are  correlated  on  a  continental  scale  from 
Canada  to  Costa  Rica  (Simpson  1964;  Wilson  1974). 

Many  species  of  mammals  can  maintain  homeostasis  through  appro¬ 
priate  physiological  and  behavioral  responses  over  a  substantial  range  of 
climatic  conditions  (Schmidt-Nielsen  1997).  This  control  may  allow 
them  to  have  wider  geographic  distributions,  with  respect  to  climate, 
vis-a-vis  other  groups  of  vertebrates  such  as  amphibians  or  reptiles. 
Under  this  scenario  the  same  set  of  mammalian  species  could  inhabit  a 
relatively  larger  segment  of  a  climatic  gradient  and  thus  exhibit  a  flat 
response  to  it.  The  major  effects  of  climate  on  species  richness  in  Texas 
may  be  associated  with  the  susceptibility  of  members  of  particular  clades 
or  historical  biogeography.  They  are  probably  local  and  directly  related 
to  the  ecological  and  physiological  tolerances  of  suites  of  related  species, 
for  example  members  of  the  same  genus  such  as  Dipodomys  (kangaroo 
rats),  Chaetodipus  and  Perognathus  (pocket  mice). 

Several  studies  have  interpreted  climatic  variation  as  an  abiotic 
disturbance  factor  (Boyce  1979;  Strong  1983;  Sousa  1984),  which 
increases  species  richness  by  preventing  competitive  displacement 
(Huston  1979).  The  theorized  mechanism  that  connects  ambient  disturb¬ 
ance  to  richness  occurs  at  the  scales  of  local  and  metapopulations.  It  is 
highly  dependent  on  the  frequency  and  intensity  of  disturbances  and  on 
the  intrensic  rate  of  increase  of  the  suite  of  species  involved  (Huston 
1979).  The  feasibility  of  making  extrapolations  from  local  to  region 
scales  needs  further  research  (Ricklefs  1987). 

It  was  suggested  that  the  taxomonic  categories  analyzed  in  this  study 
are  so  large  that  it  is  impossible  to  find  discrete  groups,  amongst  all  the 
variation,  whose  geographical  richness  is  related  to  a  specific  climatic 
regime.  It  is  probably  true  that  the  members  of  certain  taxa  are  not 
random  assemblages  with  respect  to  climate,  e.g.,  heteromyid  rodents 
are  limited  by,  or  at  least  correlated  with  low  rainfall.  The  taxonomic 
affinities  of  a  suite  of  species  inhabiting  one  set  of  climatic  conditions 
may  differ  substantially  from  the  affinities  of  a  suite  of  species  inhabit¬ 
ing  another  set  of  climatic  conditions.  If  this  study  treated  taxonomic 
groupings  of  mammals,  as  operational  units  at  the  familial  or  generic 
levels,  then  one  could  probably  find  certain  sets  which  correlate  strongly 
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with  climate.  By  treating  wide-ranging  taxa  (such  as  the  white-footed 
mouse  Peromyscus  leucopus ,  the  deer  mouse  P.  maniculatus  and  the 
Hispid  cotton  rat  Sigmodon  hispidus ,  etc.)  together  with  more  geo¬ 
graphically  restricted  taxa  this  study  probably  obscured  some  differences 
within  the  matrix  of  overall  variance.  Still,  the  Class  Mammalia  is  a 
realistic  division  and  it  is  worthy  of  attention,  in  and  of  itself. 

Much  of  the  lack  of  concordance  between  mammalian  richness  and 
climate,  that  is  emergent  in  this  study,  may  be  attributable  to  the  effects 
of  scale;  taxonomic,  temporal  and  spatial  (Allen  &  Starr  1982;  Sousa 
1984).  The  use  of  class  and  ordinal  levels  may  obscure  real  correlations 
at  the  familial  or  generic  levels  (taxonomic  scale).  The  use  of  species 
presence  or  absence,  in  range  maps  of  fixed  size,  represents  a  kind  of 
temporal  stasis  or  equilibrium  (temporal  scale).  It  does  not  take  into 
account  the  enormous  dynamic  variation  that  characterizes  species  true 
distributions,  especially  near  their  range  borders.  The  state  of  Texas 
may  represent  a  scale  too  large  to  detect  local  climate-richness  patterns 
in  the  Temperate  Zone,  yet  too  small  to  detect  continental  patterns 
(spatial  scale).  A  different  interpretation  is  that  here  the  important  factor 
is  not  size,  per  se,  but  rather  size  plus  geographical  location.  Species 
ranges  of  North  American  mammals  are  often  smaller  in  the  tropics 
(Pagle  et  al.  1991).  Therefore,  an  area  the  same  size  as  Texas,  but 
located  in  Central  America,  say  from  Panama  northwards,  might  show 
significant  climate-richness  patterns. 

If  this  characterization  is  the  general  case,  then  a  simple  increase  or 
decrease  in  scale  could  lead  one  to  conclude  that  climate  is  important  for 
richness,  a  conclusion  diametrically  opposite  to  the  principal  finding  of 
this  paper.  It  would  be  a  mistake  though,  to  think  that  one  scale  repre¬ 
sents  ontological  truth  better  than  another  does.  All  scales  provide 
information  but  relevant  scales  provide  relevant  information.  Scale 
needs  to  be  matched,  a  priori ,  to  the  question  being  asked  and  that  may 
not  be  an  easy  task.  (Allen  &  Starr  1982;  Ricklefs  1987).  Students  of 
mammalian  geography  at  regional  scales  will  find  the  information  in 
Table  1  useful,  both  with  respect  to  Texas  and  as  a  reference  for  com¬ 
parative  studies  at  other  geographical  locations. 

Acknowledgments 

I  thank  two  anonymous  reviewers  for  comments. 


OWEN 


63 


Literature  Cited 

Abramsky,  Z.  &  M.  L.  Rosenzweig.  1984.  Tilman’s  predicted  productivity-diversity 
relationship  shown  by  desert  rodents.  Nature,  309:150-151. 

Allen,  T.  F.  H.  &  T.  B.  Starr.  1982.  Hierarchy:  Perspectives  for  ecological  complexity. 
Univ.  Chicago  Press,  xvi  +  310  pp. 

Boyce,  M.  S.  1979.  Seasonality  and  patterns  of  natural  selection  for  life  histories.  Am. 
Nat.,  1 14(4):569-583. 

Brown,  J.  H.,  G.  C.  Stevens  &  D.  M.  Kaufman.  1996.  The  geographic  range:  Size, 
shape,  boundaries,  and  internal  structure.  Annu.  Rev.  Ecol.  Syst.,  27:597-623. 
Chatterjee,  S.  &  B.  Price.  1977.  Regression  analysis  by  example.  John  Wiley  and  Sons, 
New  York,  xiv  +  228  pp. 

Currie,  D.  J.  1991.  Energy  and  large-scale  patterns  of  animal-and-plant  species  richness. 
Am.  Nat.,  137(l):27-49. 

Davis,  W.  B.  &  D.  J.  Schmidly.  1994.  The  mammals  of  Texas.  Texas  Parks  and  Wildlife, 
Austin,  Texas,  338  pp. 

Hollander,  M.  &  D.  A.  Wolfe.  1973.  Nonparametric  statistical  methods.  John  Wiley  and 
Sons,  New  York,  xviii  +  503  pp. 

Huston,  M.  1979.  A  general  hypothesis  of  species  diversity.  Am.  Nat.,  1 13(1):81- 10 1 . 
Kendeigh,  S.  C.  1974.  Ecology:  With  special  reference  to  animals  and  man.  Prentice-Hall, 
Englewood  Cliffs,  New  Jersey,  vi+474  pp. 

McNab,  B.  K.  1969.  The  economics  of  temperature  regulation  in  neotropical  bats.  Comp. 
Biochem.  Physiol.,  31(2):227-268. 

McNab,  B.  K.  1973.  Energetics  and  the  distribution  of  vampires.  J.  Mammal., 
54(1):  131-144. 

McNab,  B.  K.  1982.  Evolutionary  alternatives  in  the  physiological  ecology  of  bats.  Pp. 
151-200,  in  Ecology  of  bats  (T.  H.  Kunz,  ed.),  Plenum  Press,  New  York, 
151  :xviii+ 1-425. 

Mendenhall,  W.  1979.  Introduction  to  probability  and  statistics.  Duxbury  Press,  North 
Scituate,  Massachusetts,  xiv  +  594  pp. 

Montgomery,  D.  C.  &  E.  A.  Peck.  1982.  Introduction  to  linear  regression  analysis.  John 
Wiley  and  Sons,  New  York,  xiii  +  504  pp. 

Owen,  J.  G.  1985.  An  ecogeographic  analysis  of  the  mammalian  fauna  of  Texas. 

Unpublished  Ph.D.  dissertation,  Texas  A&M  University,  College  Station,  Texas,  95  pp. 
Owen,  J.  G.  1988.  On  productivity  as  a  predictor  of  rodent  and  carnivore  diversity. 
Ecology,  69(4):  1 161-1 165. 

Owen,  J.  G.  1990.  Patterns  of  mammalian  species  richness  in  relation  to  temperature, 
productivity,  and  variance  in  elevation.  J.  Mammal.,  71(1):  1-13. 

Owen,  J.  G.  &  D.  J.  Schmidly.  1986.  Environmental  variables  of  biological  importance 
in  Texas.  Texas  J.  Sci.,  38(2) :99- 119. 

Pagle,  M.  D.,  R.  M.  May  &  A.  R.  Collie.  1991.  Ecological  aspects  of  the  geographical 
distribution  and  diversity  of  mammalian  species.  Am.  Nat.,  137:791-815. 

Ricklefs,  R.  E.  1987.  Community  diversity:  Relative  roles  of  local  and  regional  processes. 
Science,  235:167-171. 

Rosenzweig,  M.  L.  1995.  Species  diversity  in  space  and  time.  Cambridge  Univ.  Press, 
New  York,  xx  +  436  pp. 

Schmidt-Nielsen,  K.  1997.  Animal  physiology:  Adaptation  and  environment.  Cambridge 
Univ.  Press,  New  York,  viii  +  607  pp. 

Simpson,  G.  G.  1964.  Species  density  of  North  American  Recent  mammals.  Syst.  Zool., 
13(2):57-73. 


64 


THE  TEXAS  JOURNAL  OF  SCIENCE-VOL.  53,  NO.  1,  2001 


Sousa,  W.  P.  1984.  The  role  of  disturbance  in  natural  communities.  Ann.  Rev.  Ecol. 
Syst.,  15:353-391. 

Strong,  D.  R.,  Jr.  1983.  Natural  variability  and  the  manifold  mechanisms  of  ecological 
communities.  Am.  Nat.,  122(5)636-660. 

Steel,  R.  G.  D.  &  J.  H.  Torrie.  1980.  Principles  and  procedures  of  statistics:  A  biometrical 
approach.  McGraw-Hill,  New  York,  xxi  +  633  pp. 

Wilson,  J.  W. ,  III.  1974.  Analytical  zoogeography  of  North  American  mammals. 
Evolution,  28(1):  124-140. 


JGO  at: jgowen@salnet.net 


TEXAS  J.  SCI.  53(l):65-78 


FEBRUARY,  2001 


EFFECTS  OF  COOL  SEASON  PRESCRIBED  FIRE 
ON  UNDERSTORY  VEGETATION  IN  A  MIXED 
PINE  HARDWOOD  FOREST  OF  EAST  TEXAS 

Michelle  Clendenin  and  William  G.  Ross 

USFWS  Rocky  Mountain  Arsenal  National  Wildlife  Refuge 
Commerce  City,  Colorado  80022  and 
Forestry  Department,  Oklahoma  State  University 
Stillwater,  Oklahoma  74078 

Abstract.— Response  of  understory  woody  and  herbaceous  vegetation  to  late  winter  fire 
was  evaluated  in  an  upland  Pinus  taeda  L.  (loblolly  pine)  mixed  hardwood  forest  within 
Mission  Tejas  State  Park  in  east  Texas.  Understory  woody  plants,  which  regenerated  follow¬ 
ing  the  first  fire  were  hardwood  species  less  than  3  m  tall.  Pine  regeneration  was  scarce. 
After  a  second  late  winter  fire,  all  understory  woody  stems  decreased  in  number.  After  two 
growing  seasons  following  the  second  fire,  more  stems  were  present  than  pre-treatment. 
Regeneration  was  primarily  hardwoods  sprouting  from  perennial  rootstocks.  Also,  woody 
vine  and  herbaceous  cover  increased  during  the  two  growing  season  post-fire  period.  Little 
change  in  composition  and  numbers  of  species  occurred  in  the  control  plots  during  the  study 
period.  Analyses  revealed  a  decrease  in  hardwood  stems  and  a  significant  decrease  in  pine. 
Low  pine  regeneration  may  have  been  due  to  drought,  poor  seed  crop  and  hardwood  com¬ 
petition  during  the  study.  Results  suggest  that  infrequent  cool  season  fire  favors  hardwood 
regeneration  in  upland  pine/hardwood  communities. 

Resumen. — El  resultado  de  la  existencia  de  vegetacion  herbacea  y  de  especies  de  arboles 
del  ultimo  incendio  de  invierno  fue  evaluado  en  un  bosque  de  tierras  elevadas  poblado  por 
una  variedad  de  pinos  ( Pinus  taeda  L.)  y  por  especies  latifoliadas  dentro  de  ’Mission  Texas 
State  Park’  al  este  de  Texas.  Las  especies  de  arbustos,  las  cuales  se  regeneraron  despues  del 
primer  incendio,  fueron  especies  de  madera  menos  de  3m  de  altura.  La  regeneracion  de 
pinos  fue  escasa.  Despues  de  un  segundo  incendio  de  invierno,  todos  los  tallos  de  arbustos 
(tallos  de  especies  latifoliadas)  decrecieron  en  numero.  Despues  de  dos  estaciones  de 
crecimiento  a  continuacion  del  segundo  incendio,  mas  tallos  estuvieron  presentes  que  en  el 
pre-tratamiento.  La  regeneracion  fue  primordialmente  de  brotes  de  especies  latifoliadas  de 
raices  existentes  y  perennes.  Tambien,  los  troncos  de  vid  (tallos  de  vid)  y  cubiertas  de 
herbaceos  incrementaron  durante  las  dos  estaciones  de  crecimiento  despues  del  periodo  del 
incendio.  Hubo  un  poco  de  cambio  en  la  composicion  y  el  numero  de  especies  en  las 
parcelas  de  control  durante  el  periodo  de  estudio.  Los  analisis  revelaron  una  significante 
disminucion  en  tallos  de  especies  latifoliadas  con  una  disminucion  en  los  pinos.  La  baja 
regeneracion  de  pinos  se  pudo  haber  debido  a  la  sequia,  pocas  semillas  de  cultivo  y  la 
competencia  de  las  especies  latifoliadas  durante  el  estudio.  Los  resultados  sugieren  que  la 
infrecuencia  de  las  estaciones  de  incendio  favorece  la  regeneracion  de  arboles  (o  especies 
latifoliadas)  en  comunidades  mixtas  de  pinos  y  especies  latifoliadas. 


As  ecosystems  evolve,  certain  plant  species  have  acquired  structural 
and  physiological  traits  which  enable  them  to  survive  fire.  Species  in 
fire  adapted  plant  communities  may  become  dependent  on  periodic  fire 
for  survival  (Reeves  1970;  1973).  Mutch  (1970)  hypothesized  that 
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certain  plant  communities  evolve  in  repeatedly  burned  areas  to  become 
more  flammable  to  maintain  themselves.  Pinus  sp.  communities  in  the 
western  gulf  coastal  plain  of  the  US  are  one  such  example.  Southern 
pines  are  pioneer  species  which  are  typically  shade  intolerant  and  require 
large  scale  disturbance  such  as  fire  for  their  perpetuation  (Buckner 
1989).  Fire  plays  an  important  role  in  arresting  hardwood  invasion  that 
competes  with  light,  nutrient  and  moisture  relations  (Edwards  1987; 
Nixon  &  Ward  1986).  However,  mixed  pine/hardwood  stands  in  the 
South  is  a  forest  type  that  develops  naturally,  as  a  result  of  successional 
forces,  usually  in  the  absence  of  disturbance  such  as  fire  (Cooper  1989). 
The  pine  component  may  be  lost  if  fire  is  excluded.  Upland  oak  com¬ 
munities  also  suffer  from  fire  exclusion,  often  becoming  mixed  hard¬ 
wood  stands  with  diminished  oak  populations  and  decreased  oak  regen¬ 
eration  (Van  Lear  &  Watt  1993;  Brose  et  al.  1999). 

Komarek  (1965)  suggested  that  natural  fuel  accumulations  in  the 
understory  would  allow  summer  fires  caused  by  lightning  to  burn 
sufficiently  to  maintain  pine/grassland  communities  against  encroachment 
of  hardwoods.  Fire  resistant  adaptations  in  the  assemblage  of  many 
southern  plant  species  include  deep  fibrous  roots,  below  ground  or  soil 
surface  apical  meristems,  and  underground  vegetative  reproductive 
organs  which  account  for  overall  resistance  to  fire  injury  (Owesnby 
1991).  Woody  species  such  as  pines  have  thick  bark,  which  serves  as 
protection  for  xylem  and  phloem  tissues  near  the  tree  base,  and  repro¬ 
ductive  terminal  buds  which  may  be  protected  in  a  needle  rosette  and 
resistant  to  heat  damage  (Wade  &  Johansen  1989;  Reeves  &  Corbin 
1985).  Root  sprouting  following  top  removal  in  hardwoods  is  a  fire 
resistant  adaptation.  Quercus  sp.  (oaks)  are  prolific  sprouters  following 
fire  and  may  have  an  advantage  where  fire  is  periodic  in  upland  com¬ 
munities  (Van  Lear  &  Watt  1993).  Grano  (1970)  studied  the  effect  of 
controlled  burning  on  understory  hardwoods  in  a  P.  taeda  L .IP. 
echinata  Mill,  (loblolly/shortleaf  pine)  forest  and  showed  that  following 
a  single  winter  burn  most  of  the  hardwood  stems  were  killed,  but  shortly 
thereafter  sprouted  abundantly. 

In  natural  fire  adapted  communities,  fire  exclusion  results  in  the 
buildup  of  hazardous  fuels,  and  poses  the  threat  of  wildfire  which  may 
cause  irreparable  damage  to  both  the  plant  and  animal  community  as  a 
whole  (VanLear  &  Waldrop  1989).  Therefore  it  may  be  desirable  to 
manipulate  vegetation  through  the  use  of  prescribed  fire  to  arrest 
successional  trends  for  the  benefit  of  a  variety  of  resources  such  as 
timber,  grazing,  recreation  or  the  restoration  of  natural  areas  (Lewis  & 
Harshbarger  1976). 
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A  prescribed  fire  can  be  anthropogenic  or  occur  naturally  under  cer¬ 
tain  circumstances  in  wildland  areas.  The  Society  of  American  Foresters 
defines  prescribed  burning  as  the  "controlled  application  of  fire  to  wild¬ 
land  fuels  in  either  their  modified  or  natural  state,  under  specified  envi¬ 
ronmental  conditions  which  allow  the  fire  to  be  confined  to  a  predeter¬ 
mined  area  and  at  a  time  to  produce  the  fire  line  intensity  and  a  rate  of 
spread  required  to  attain  planned  resource  management  objectives" 
(McPherson  et  al.  1990).  Traditionally  a  prescribed  fire  was  one  inten¬ 
tionally  ignited  by  humans  for  specific  management  objectives.  Current¬ 
ly,  naturally  occurring  fires  resulting  from  ignition  by  lightning  in  a 
designated  area,  usually  a  wilderness,  are  also  called  prescribed  natural 
fire. 

In  the  fall  of  1991,  a  prescribed  burning  experiment  was  initiated  at 
Mission  Tejas  State  Historical  Park  through  a  cooperative  arrangement 
between  Texas  Parks  and  Wildlife  Department  and  the  Arthur  Temple 
College  of  Forestry  at  Stephen  F.  Austin  State  University.  The 
objectives  of  the  study  were  to  (1)  provide  a  detailed  description  of  both 
the  woody  and  herbaceous  vegetation  before  and  after  treatment  by  fire, 
(2)  determine  changes  of  the  number  of  woody  stems  before  and  after 
treatment  by  fire  and  (3)  evaluate  fire  effects  on  hardwood  and  pine 
regeneration. 

Study  Site 

The  study  site  lies  within  Mission  Tejas  State  Historical  Park, 
Houston  County,  which  is  approximately  69  km  west  of  Nacogdoches, 
Texas.  Percent  slope  ranged  from  30%  to  nearly  level  ground.  Plots 
were  all  located  within  the  Trawick  soil  series  (kaolinitic,  thermic  Mollic 
Hapludalf)  which  consist  of  deep,  well  drained,  moderately  to  slowly 
permeable  soils  that  formed  in  thick  marine  sediments. 

The  park’s  forested  areas  consisted  of  a  canopy  of  P.  taeda  with  an 
emerging  midstory  of  mixed  hardwood.  The  pine  overstory  basal  area 
ranged  from  18.4  to  27.5  m2  throughout  the  study  area.  The  forest  was 
representative  of  the  prominent  P.  taeda  L .IP.  echinata  cover  type  that 
is  widespread  throughout  the  southern  US  [SAF  cover  type  80  (Mann 
1980)].  The  understory  vegetation  was  dense,  consisting  of  a  variety  of 
pine  seedlings,  hardwoods,  vines  and  several  species  of  grasses  and 
forbs. 

Methods 

In  1991,  an  area  within  the  park  was  designated  for  burning  treat¬ 
ment,  while  adjacent  areas  served  as  a  control.  Twenty  (6.36  nr) 
circular  vegetation  plots  were  randomly  selected  and  permanently 
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established.  Ten  plots  were  designated  for  treatment  and  ten  served  as 
a  control.  Burned  and  unburned  sections  were  equally  representative  of 
the  vegetation  types  in  the  study  area. 

Late  winter  burns  (early  March)  in  1992  and  1993  were  conducted 
according  to  a  fire  plan  setting  general  parameters  (after  Wade  & 
Lunsford  1989)  of  damp  soil,  30%  to  55%  relative  humidity,  tempera¬ 
ture  less  than  60  degrees  Fahrenheit,  and  light  but  directionally  steady 
wind.  Prescribed  fires  were  accomplished  using  strip-heading  fire 
technique  (Wade  &  Lunsford  1989)  generally,  with  flanking  fires  used 
on  steep  slopes.  A  deep  layer  of  leaf  litter  (mainly  pine  needles)  was 
the  dominant  fuel.  Pine  cones  and  small  to  medium  sized  downed 
woody  material  also  were  interspersed.  Fire  lines  were  hand-constructed 
to  separate  burn  and  control  plots,  and  to  protect  historic  structures. 

A  woody  stem  survey  was  conducted  before  the  initial  fire  of  1992. 
Post- fire  inventories  were  performed  in  July  of  1992,  1993  and  1994. 
The  1994  growing  season  data  included  woody  vegetation,  as  well  as  a 
descriptive  inventory  of  the  vine  and  herbaceous  components.  A  total 
of  four  sampling  surveys  occurred. 

Following  the  second  prescribed  fire,  subplots  were  nested  within 
each  6.36  m2  plot  for  the  purpose  of  sampling  woody  vine  and  herba¬ 
ceous  species.  Two  (0.2  m2)  woody  vine  plots  were  arranged  along  the 
east  and  west  boundaries  of  the  larger  plot,  and  four  (0. 1  nr)  plots  were 
established  in  points  of  all  cardinal  directions  and  permanently  marked. 

All  woody  species  were  identified,  their  stems  counted  and  heights 
measured.  All  live  woody  vegetation  at  three  meters  in  height  or  less 
was  inventoried.  In  addition,  for  the  vine  and  herbaceous  plots,  percent 
coverage  of  plants  present  on  the  forest  floor  was  estimated.  The 
percent  coverage  for  the  vine  and  herbaceous  groups  were  placed  in 
0-33%,  34-66%  or  67-100%  classes.  Nomenclature  follows  Nixon 
(1985)  and  Correll  &  Johnston  (1970). 

The  relative  frequency  (frequency  of  a  species/frequency  of  all  species 
x  100),  density  (number  of  individuals  of  a  species/total  number  of 
individuals  x  100),  and  importance  values  (relative  frequency  +  relative 
density)  for  each  species  of  woody  vegetation  were  determined  for  all 
plots  (Kent  &  Coker  1992).  A  repeated  measures  design  was  utilized 
and  an  analysis  of  variance  (AN OVA)  was  performed  to  test  the  effects 
of  prescribed  burning  on  the  number  of  woody  stems  in  the  understory 
(SAS,  1990).  Two  sets  of  ANOVA’s  were  performed  (cv  =  0.05). 
Stems  for  both  pine  and  hardwood  stems  were  tallied  and  pooled  within 
each  treatment  type  (i.e.,  control,  burn).  These  stems  were  separated 
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on  their  regenerative  characteristics.  Pine  regeneration  was  primarily 
from  seed,  while  all  hardwood  regeneration  was  from  both  seed  and 
resprouting  from  rootstocks.  For  burn  plots  in  particular,  hardwood 
regeneration  was  mostly  resprouts.  For  the  purpose  of  the  analysis, 
treatment  and  the  year  sampling  occurred  were  the  main  variables  of 
interest.  The  response  variables  were  number  of  pine  and  hardwood 
stems  in  the  understory.  A  Duncan’s  multiple  range  test  was  applied  to 
separate  the  means  (Duncan  1955). 

Results 

Effect  of  fire  on  species  composition.—  Changes  in  species  composition 
for  woody  seedlings  and  shrubs  were  analyzed  by  making  year  to  year 
comparisons  in  burn  and  control  plots.  Following  the  initial  prescribed 
fire  conducted  late  winter  of  1992,  the  treatment  plots  had  a  substantial 
change  relative  to  control.  Prior  to  burning,  P.  taeda  made  up  45%  of 
the  importance  value,  but  essentially  disappeared  after  the  first  burn.  In 
addition,  Cercis  canadensis  L.  (eastern  redbud)  and  Ilex  vomitoria  Ait. 
(yaupon  holly)  increased  in  importance  value,  while  Quercus  falcata 
Michx.  (southern  red  oak)  and  Viburnum  rifidulum  Raf.  (rusty  blackhaw) 
greatly  decreased  (Table  1).  The  post- fire  inventory  showed  an  overall 
increase  in  the  density  of  woody  species  by  nearly  65%.  The  control 
plots  following  treatment  had  a  58%  increase  in  the  number  of  species, 
with  a  dominant  presence  of  P. taeda  (Table  1). 

After  the  second  late  winter  burn  conducted  in  1993,  understory 
vegetation  was  surveyed  and  compared  with  post-burn  1992  results.  For 
the  treatment  plots  following  the  second  fire,  composition  of  the  under¬ 
story  vegetation  changed  significantly.  While  Q.  falcata,  /.  vomitoria , 
and  C.  canadensis  comprised  nearly  68%  of  the  importance  value  in 
1992,  post-fire  analysis  revealed  that  Sassafras  albidum  Nutt.  Nees. 
(sassafras),  Rhus  coppalina  L.  (sumac)  and  V.  rufidulum  increased, 
representing  66%  of  the  importance  value.  Total  number  of  species  in 
the  treatment  plots  from  1992  to  1993  decreased  by  15%  (Table  1).  A 
comparison  of  the  post- fire  inventories  for  the  control  plots  from  1992 
to  1993  revealed  that  while  P.  taeda  remained  dominant  both  years,  Q. 
falcata  representing  22.5%  of  the  importance  value  in  1992,  was  over¬ 
shadowed  by  /.  vomitoria  and  Liquidambar  styraciflua  L.  (sweetgum)  in 
1993  (Table  1). 

A  1993  and  1994  growing  season  comparison  for  all  plots  was  con¬ 
ducted.  Results  for  the  burned  plots  in  1993  showed  that  S.  albidum  and 
R.  coppalina  represented  a  majority  of  the  importance  value.  However, 
by  1994,  the  dominant  species  present  were  L.  styraciflua  and  Calli- 
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Table  1.  Importance  values*  for  the  understory  woody  pine  and  hardwood  species  showing 
before  and  after  fire  effects  on  composition. 


Species 

1992 

1993 

1994 

Treatment  plots 

Before 

After 

Sassafras  albidum  (Nutt.)  Nees. 

27.46 

Rhus  coppalina  L. 

Ilex  vomitoria  Ait. 

16'22 

25.40 

15.35 

Liquid ambar  styracifiua  L. 

Pin  us  taeda  L. 

66.80 

25.04 

22.25 

Quercus  falcata  Michx. 

33.81 

26.24 

17.74 

Viburnum  ruftdulum  Raf. 

16.99 

19.65 

16.87 

Callicarpa  americana  L. 

16.86 

14.85 

19.52 

19.56 

Cercis  canadensis  L. 

15.04 

17.66 

19.42 

Others 

50.50 

99.99 

90.23 

106.55 

Total 

200.00 

200.00 

200.00 

200.00 

Species 

1992 

1993 

1994 

Control  plots 

Before 

After 

Ilex  vomitoria  Ait. 

9.09 

12.46 

11.10 

Liquid  ambar  styracifiua  L. 

8.87 

12.11 

Pin  us  taeda  L. 

61.78 

50.92 

50.84 

52.36 

Quercus  falcata  Michx. 

25.20 

28.38 

13.83 

Viburnum  rufidulum  Raf. 

27.69 

17.76 

19.86 

19.61 

Callicarpa  americana  L. 

31.50 

20.23 

21.49 

20.90 

Others 

44.96 

73.62 

83.24 

82.20 

Total 

200.00 

200.00 

200.00 

200.00 

importance  values  are  the  sum  of  relative  density  and  frequency. 


carpa  americana  L.  (American  beautyberry)  making  up  45%  of  the 
importance  value.  Total  number  of  species  observed  from  1993  to  1994 
increased  by  25%,  but  the  control  plots  showed  little  change.  P.  taeda 
continued  to  be  dominant;  whereas,  L.  styracifiua  which  held  10%  of 
the  importance  value  in  1993,  was  exceeded  by  Q.  falcata.  Total  num¬ 
ber  of  species  observed  in  the  control  plots  from  1993  to  1994  showed 
an  increase  of  only  seven  percent  (Table  1). 

A  two  year  post-burn  survey  of  woody  vines  for  the  treatment  and 
control  plots  were  similar.  Toxicodendron  radicans  (L.)  Kuntze  (Poison 
ivy)  and  Parthenocissus  quinquefolia  L.  (Virginia  creeper)  were  the 
dominant  vines.  Percent  coverage  by  vines  and  herbs  increased  substan¬ 
tially  in  burn  plots  when  compared  to  control  (Fig.  1).  Percent  cover 
for  herbaceous  plants  increased  significantly  in  the  second  growing 
season  following  fire  as  expected  from  previous  research  (Kush  et  al. 
1999;  Waldrop  et  al.  1987;  Reeves  &  Halls  1973),  and  responses  were 
greater  for  the  burn  plots  than  control  (Fig  1). 
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1993  Herb.  1993  Vines  1994  Herb.  1994  Vines 
Figure  1 .  Percent  cover  of  herbaceous  (herb.)  and  woody  vegetation  by  treatment  and  year. 


Effect  of  treatment  on  height  classes  and  number  of  woody  stems. — 
Total  number  of  stems  1  m  or  less  increased  from  33%  to  87%  in  the 
treatment  plots,  but  stems  in  the  1-2  m  height  class  decreased  two  fold. 
Control  plots  consisted  mostly  of  stems  1  m  or  less.  There  was  a 
decline  in  the  number  of  stems  for  all  plots  following  the  second  burn. 
Stems  1  m  or  less  in  the  treatment  plots  decreased  (88%)  compared  to 
initial  burn  results.  In  addition,  stems  1-2  m  decreased,  while  a  17.5% 
increase  was  observed  for  the  2-3  m  height  class.  For  control  plots, 
stems  1  m  or  less  decreased  nearly  nine  fold  from  1992  to  1993.  Stems 
in  the  1-2  m  class  declined  as  well,  while  the  2-3  m  class  increased  by 
35%. 

The  1994  inventory  indicated  resurgence  in  the  numbers  of  hardwood 
stems  for  all  plots.  Total  number  of  stems  present  in  the  burned  plots 
doubled  compared  to  1993  data.  Stems  less  than  1  m  made  up  52%  of 
the  total  number  of  stems  present.  Control  plots  had  a  uniform  distribu¬ 
tion  of  stems  for  all  height  classes. 

Analysis  of  the  number  of  pine  stems  revealed  statistically  differences 
in  the  year  sampling  occurred  (P= 0.0051),  and  treatment  effect  on 
number  of  stems  present,  />=0.0305  (Table  2).  Repeated  fire  substan¬ 
tially  reduced  pine  stem  numbers  compared  with  both  the  pre-burn 
survey  and  corresponding  control  plots.  Preliminary  inventories  of  pine 
stems  taken  in  1992  differed  significantly  from  post- fire  1992,  1993  and 
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Table  2.  Repeated  Measures  AN  OVA  for  the  effects  of  prescribed  burning  on  pine  and 
hardwood  stems. 


Variable 

df 

MS 

/ 

P 

Pine  stems 

Sample  year 

3 

4453.750 

4.76 

0.0051 

Treatment 

1 

4620.800 

4.94 

0.0305 

Sample  year  X  treat 

3 

1003.900 

1.07 

0.3685 

Plot  (treat) 

18 

1960.619 

2.09 

0.0190 

Hardwood  stems 

Sample  year 

3 

24250.912 

17.55 

0.0001 

Treatment 

1 

22545.612 

16.31 

0.0002 

Sample  year  X  treat 

3 

8655.745 

6.26 

0.0010 

Plot  (treat) 

18 

2331.390 

1.69 

0.0713 

1994  (Table  3).  Pre-burn  counts  in  1992  had  the  highest  number  of 
understory  pine  stems  observed  (35)  for  all  plots  sampled. 

Sampling  year  (P=  0.0001)  and  treatment  effect  (P=0.0002)  were 
significant  for  hardwood  stems  (Table  2).  Interaction  between  the 
variables  "sampling  year"  and  "treatment"  was  found  to  be  significant 
(P=0.0010).  Duncan’s  multiple  range  test  for  the  interaction  effect  was 
performed  (Table  4).  It  was  found  that  1992  post-burn  data  for  treat¬ 
ment  plots  had  the  highest  (146)  number  of  stems,  and  differed  signifi¬ 
cantly  from  the  1992  post-burn  data  for  control.  There  was  no  signifi¬ 
cant  difference  between  burn  and  control  plots  for  the  1992  pre-burn, 
and  1993  inventories.  The  lowest  number  of  hardwood  stems  found  in 
the  understory  were  found  in  the  control  plots  during  the  1993  and  1994 
vegetation  surveys  (Table  4). 

Discussion 

Effect  of  fire  on  composition.—  Throughout  the  experiment,  no  single 
species  consistently  dominated  the  treatment  or  control  plots.  The  burn 
plots  had  the  greatest  change  over  time.  The  prescribed  fire  executed 
in  the  late  winter  of  1992  had  a  significant  effect  on  the  burn  plots.  The 
burn  eradicated  nearly  all  pine  seedlings,  and  hardwood  stems  became 
prominent.  Young  pine  seedlings  lack  the  thermal  properties  necessary 
to  survive  direct  exposure  to  fire  (Haywood  et  al.  1998;  Wade  & 
Johansen  1989;  Westveld  1949).  This  is  best  illustrated  with  compari¬ 
sons  of  importance  values  for  species  between  the  treatment  and  control 
plots  following  the  initial  fire  in  1992  (Table  1). 

The  overwhelming  presence  of  understory  hardwood  stems  in  the 
treatment  plots  is  evidence  that  hardwood  species  are  favored  by  late 
winter  burning.  By  one  growing  season  later,  numbers  of  hardwood 
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Table  3.  Average  number  of  pine  stems  per  plot  by  year  and  treatment 


Survey  Year 

Number  plots 
per  treatment 

Mean  Pine  Stems1 
Burn 

Mean  Pine  Stems 
Control 

1992,  pre-burn  survey 

10 

35.1a 

33.3a 

1992,  post-burn 

10 

5.2b* 

47.4a 

1993,  post  burn 

10 

1.1b* 

16.1b 

1994 

10 

1.6b* 

18.5b 

1  Within  column  means  followed  by  the  same  letter  do  not  vary  significantly  (ce  =  0.05). 
*Burn  means  differ  significantly  with  corresponding  control  mean  (a  =  0.05). 


stems  increased  more  than  four  times  the  number  of  stems  prior  to  the 
initial  fire.  Greater  than  90%  of  the  stem  counts  of  hardwoods  were 
derived  as  re-sprouts  from  perennial  rootstocks. 

Late  winter  prescribed  burns  are  effective  in  top-killing  hardwoods  up 
to  three  inches  in  ground  diameter  (Langdon  1981).  However,  there 
appears  to  be  little  impact  on  the  rootstocks,  and  resprouting  of  top 
killed  hardwoods  will  generally  occur  (Boyer  1993;  Van  Lear  & 
Waldrop  1989).  The  mix  of  hardwoods  following  the  fire  relative  to 
pre-burn  data,  suggests  variable  tolerance  and  re-sprouting  vigor  in 
certain  species  (Boyer  1993).  Studies  suggest  that  following  fire,  rapid 
re-sprouting  responses  of  understory  hardwoods  and  shrubs  are  probably 
necessary  to  compete  with  fast  growing  perennial  grasses  and  forbs  for 
transitory  nutrients  and  space  (Olsen  1992). 

Treatment  plots  had  a  contrast  of  woody  vine  and  herbaceous  vegeta¬ 
tion  occurrences  relative  to  control  (Fig.  1).  One  can  easily  see  that  fire 
favors  herbaceous  and  vine  species.  There  were  significantly  more  her¬ 
baceous  species  in  the  burned  versus  control  plots.  Rhizomatous  species 
whose  reproductive  organs  are  below  ground  or  protected  from  fire,  can 
withstand  the  disturbance  of  periodic  prescribed  fire  (Owensby  1991). 
Growth  following  fire  as  well  as  the  opening  of  the  stand  to  sunlight  are 
obvious  components  in  the  facilitation  and  establishment  of  understory 
vegetation.  However,  for  germination,  light  seeded  species  disseminated 
by  wind  often  favor  exposed  mineral  soil  surfaces  created  by  fire  (Smith 
1986). 

The  results  of  the  herbaceous  data  are  congruent  with  findings  from 
a  similar  study  performed  in  a  southern  Piedmont  loblolly  stand,  where 
season  of  burn  response  to  herbaceous  plants  were  examined.  Herba¬ 
ceous  plants  were  more  abundant  in  burned  versus  unburned  plots 
regardless  of  season  of  burn  (Cushwa  et  al.  1966). 

Besides  relative  importance  values  for  herbaceous  vegetation  ob¬ 
served,  a  comparison  of  percent  cover  (Fig.  1)  illustrates  the  encourage- 


74 


THE  TEXAS  JOURNAL  OF  SCIENCE-VOL.  53,  NO.  1,  2001 


Table  4.  Average  number  of  hardwood  stems  per  plot  by  year  and  treatment. 


Survey  Year 

Number  plots 
per  Treatment 

Mean  Hardwood 
Stems1  Burn 

Mean  Hardwood 
Stems  Control 

1992,  pre-burn  survey 

10 

36.5bc 

41.1a 

1992,  post-burn 

10 

145.7a* 

58.5a 

1993,  post-burn 

10 

25.0c 

18.4a 

1994 

10 

68.6b* 

23.5a 

1  Within  column  means  followed  by  the  same  letter  do  not  vary  significantly  (a  =  0.05). 
*  Burn  means  differ  significantly  with  corresponding  control  mean  (a  =  0.05). 


ment  of  understory  growth  following  prescribed  fire.  A  combination  of 
increased  shading  as  well  as  prominent  litter  layer  in  the  control  plots 
are  perhaps  the  more  notable  factors  in  the  discouragement  of  herba¬ 
ceous  vegetation  establishment. 

Effect  of  treatment  on  height  classes  and  number  of  woody 
stems.—  The  first  fire  caused  prolific  resprouting  of  hardwoods  and  a 
higher  abundance  of  stems  1  m  or  less,  resulting  from  the  top  killing  of 
these  species  in  the  taller  classes.  Hofstetter  (1974),  in  a  study  of 
prescribed  fire  in  the  southern  Florida  pinelands,  found  that  most  peren¬ 
nial  shrubs  and  trees  produced  more  stems  than  were  present  prior  to 
fire;  and,  the  predominance  of  those  stems  were  found  in  the  smaller 
height  classes.  In  this  study  however,  the  second  fire  reduced  the 
proportion  of  stems  shorter  than  2  m,  leaving  a  relatively  higher  propor¬ 
tion  of  stems  in  the  2-3  m  height  class.  Taller  stems  are  generally  larger 
in  diameter,  and  are  better  able  to  survive  fire  due  to  thicker  bark. 

Quercus  falcata  was  the  most  aggressive  resprouter  from  the  first  fire, 
but  was  top  killed  after  the  second  burn.  However,  L.  styraciflua 
retained  overall  dominance,  surpassing  1992  pre-burn  results  of  stem 
numbers  for  all  height  classes.  Some  research  suggests  that  in  the 
absence  of  other  prolific  root  sprouters,  oaks  would  gradually  dominate 
the  advance  regeneration  pool  (Van  Lear  &  Watt  1993;  Waldrop  et  al. 
1987).  Brose  et  al.  (1999)  found  that  upland  oaks  would  dominate  a 
stand  treated  with  an  intense  spring  fire.  Other  combinations  of  season 
and  fire  intensity  produced  mixed  hardwood  stands  with  a  highly 
variable  oak  presence. 

Following  the  second  late  winter  burn,  there  was  a  remarkable  decline 
in  the  number  of  species  in  the  understory.  It  is  reasonable  to  assume 
that  a  second  burn  would  contribute  to  the  loss  of  pine  and  hardwood 
components,  since  one  growing  season  would  fall  short  in  the  amount 
of  time  needed  for  recovery  to  pre-burn  levels.  In  the  burn  plots  where 
the  pine  component  was  already  significantly  reduced,  number  of  stems 
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decreased  by  nearly  five  fold  when  compared  to  pre-burn  numbers.  The 
decline  in  such  numbers  may  be  attributed  to  a  number  of  factors.  It  is 
possible  that  a  poor  seed  year  coupled  with  a  winter  fire,  which  would 
consume  regeneration,  could  contribute  to  these  low  numbers.  Season 
of  burn  may  play  a  role  in  the  regeneration  of  P.  taeda  and  P.  echinata. 
Brender  &  Cooper  (1968)  recommended  prescribed  burning  the  growing 
season  immediately  preceding  an  expected  seed  crop  as  the  ideal  time 
for  enhancing  the  regeneration  of  loblolly.  A  drought  occurred  in  the 
growing  season  immediately  preceding  the  second  burn,  and  may  have 
impeded  growth  on  all  plots  in  the  study  area.  In  1993,  the  average 
rainfall  in  Houston  County  was  less  than  2.54  cm  in  July  and  August 
(N.C.D.C.  1993).  Evidence  of  mortality  in  the  control  plots  was 
exemplified  by  decreases  in  both  pine  and  hardwood  stems.  Newly 
germinated  pine  seedlings  suffer  from  any  extended  dry  period  and 
probably  dried  up  before  sampling  was  conducted  in  July  1993.  Silker 
(1957),  in  a  study  of  the  effect  of  prescribed  burning  on  the  understory 
vegetation  of  a  P.  taeda/ P.  echinata  forest  of  east  Texas,  found  an 
appreciable  reduction  in  the  amount  of  hardwood  regeneration  when 
drought  occurred  during  the  growing  season  following  fire  occurrence. 

Two  growing  seasons  following  the  second  prescribed  burn,  hard¬ 
wood  regeneration  had  surpassed  pre-burn  levels  for  all  height  classes 
involved.  These  results  suggest  that  growing  seasons  with  adequate 
precipitation,  seed  source  and  rootstocks  are  essential  for  the  renewal  of 
the  pine/hardwood  understory  on  burn  plots. 

The  results  for  L.styraciflua  and  Quercus  sp.  suggest  that  prescribed 
fire  does  not  affect  all  hardwoods  similarly.  Results  from  this  study 
suggest  that  frequent  late  winter  fire  will  eradicate  small  pine  seedlings, 
top  kill  hardwoods  less  than  5  cm  in  diameter,  and  increase  the  propor¬ 
tion  of  resprouting  hardwood  stems  during  the  following  growing  sea¬ 
son.  Numerous  studies  have  shown  that  summer  burns  are  more  effec¬ 
tive  in  reducing  hardwood  stems  in  the  understory  than  winter  burns 
(Waldrop  et  al.  1987;  Langdon  1981;  Lottie  et  al.  1960);  and  Hodgkins 
(1958)  found  that  annual  winter  burning  for  five  years  had  little  or  no 
effect  in  diminishing  sprouting  ability  of  repeatedly  top  killed  hard¬ 
woods.  Expected  percent  top  kill  by  summer  fire  is  greater  than  80% 
for  2.5  cm  dbh  class  and  approximately  60%  for  the  5  cm  class  (Wade 
&  Lunsford  1989;  Grano  1970). 

Conclusions 

A  single  late  winter  fire  produced  numerous  stems  of  hardwood 
regeneration,  and  simultaneously  eliminated  small  pine  seedlings  in  the 
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understory.  Hardwood  regeneration  was  primarily  from  underground 
perennial  rootstocks,  and  tended  to  occupy  the  lower  height  class.  A 
second  late  winter  fire  the  following  year  was  effective  in  reducing 
numbers  of  hardwood  stems  in  all  height  classes  to  three  meters. 
Drought  conditions  during  peak  growing  months  probably  contributed 
to  the  overall  decline  of  numbers  of  understory  stems.  Pine  seedlings 
remained  dominant  in  the  control  plots,  although  subsequent  pine  regen¬ 
eration  was  insignificant.  A  litter  layer  in  the  control  may  have  miti¬ 
gated  drought  conditions,  thus  enabling  pine  seedlings  to  survive. 

Two  year  growing  season  data  following  fire  indicated  that  prolific 
hardwood  regeneration  in  the  understory  surpassed  the  pre-burn  inven¬ 
tories  conducted  before  fire.  Quercus  falcata  and  L.  styraciflua  appear 
to  be  the  most  aggressive  re-sprouters  of  the  hardwood  component.  Re¬ 
sults  suggest  that  an  additional  growing  season  with  adequate  precipita¬ 
tion  would  be  favorable  for  hardwoods  dominance  in  the  understory. 
Pine  regeneration  in  the  burn  plots  was  insignificant. 

The  production  of  woody  vines  and  herbaceous  species  seems  to 
respond  to  prescribed  fire.  Increase  in  percent  cover  by  both  vines  and 
herbaceous  plants  from  1993  to  1994  shows  the  importance  of  an  addi¬ 
tional  growing  season,  as  well  as  adequate  rainfall  for  recovery 
following  fire. 

Prescribed  fire  is  often  used  to  control  hardwoods  in  forest  stands. 
Results  indicate  that  infrequent  cool  season  fires  in  mature  upland 
pine/hardwood  stands  may  actually  favor  hardwoods  instead  of  pine. 
Integrating  prescribed  fire  into  forest  management  requires  thoughtful 
consideration  of  long  term  goals  along  with  understanding  how  periodi¬ 
city  and  seasonality  of  fire  affect  a  variety  of  species  assemblages. 
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GENERAL  NOTES 

THE  ARTHROPOD  COMMUNITY 
IN  BAT  GUANO  FROM  AN  ABANDONED  BUILDING 
IN  PRESIDIO  COUNTY,  TEXAS 

Christopher  M.  Ritzi  and  Clare  M.  Ritzi 

Department  of  Life  Sciences,  Indiana  State  University 
Terre  Haute,  Indiana  47809 


Although  several  studies  have  examined  the  arthropod  communities 
that  are  associated  with  bats  in  Texas  caves  (Kohls  &  Jellison  1948; 
Ryckman  1956),  there  has  not  been  a  study  of  organisms  that  co-exist 
with  bats  in  man-made  structures  for  the  state.  In  fact,  little  work  has 
been  conducted  to  date  on  bat  guano  communities  in  buildings  (Palmer 
&  Gunier  1975);  the  only  two  studies  reported  are  from  New  Hampshire 
(Bernath  &  Kunz  1981)  and  Indiana  (Whitaker  et  al.  1991).  These  two 
studies  reported  significant  differences  in  the  arthropod  diversity  in  bat 
guano  from  the  two  study  sites.  This  current  study  was  undertaken  to 
examine  the  arthropod  community  in  bat  guano  from  west  Texas.  Dur¬ 
ing  a  survey  of  the  ectoparasites  of  bats  from  the  Trans- Pecos  of  Texas, 
guano  was  collected  from  a  Myotis  velifer  colony  which  was  utilizing  an 
abandoned  building  in  Presidio  County. 

The  study  site  was  located  at  the  Chinati  Foundation,  six  miles  south 
of  Marfa  on  US  highway  67,  inside  an  abandoned  cavalry  barrack.  The 
building  consisted  of  a  cement  slab  foundation  with  concrete  walls  and 
a  wood  frame  roof.  The  general  shape  of  the  barrack  was  that  of  a  U, 
with  the  bats  roosting  and  depositing  guano  in  the  central  base  of  the 
U-shape.  Beginning  in  the  late  fall  of  1997,  five  guano  samples  were 
taken  over  the  course  of  a  year,  roughly  two  and  a  half  months  apart. 
Each  sample  was  obtained  by  pushing  an  8  ounce  glass  jar  into  the 
guano  to  collect  a  core  sample  from  both  the  upper  moist  pellet-form 
layer  and  the  lower  dry  powdered  layer  of  guano.  Guano  depth  at 
collection  ranged  between  4  to  6  inches.  The  container  was  then  sealed 
with  a  screwcap  lid  and  frozen  until  examination.  The  immediate  area 
around  the  sample  site  was  also  examined  for  any  large,  visible  arthro¬ 
pods  using  a  standard  flashlight  and  head  lamp;  as  were  the  walls, 
crevices  and  supporting  timbers.  Collected  specimens  were  stored  in  3 
dram  vials  of  70%  ethanol  until  identification  was  possible. 
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Upon  return  to  the  laboratory,  guano  samples  were  thawed  at  room 
temperature  for  24  hours  before  examination.  The  guano  was  carefully 
examined  one  ounce  at  a  time  in  a  glass  petri  dish  under  a  30X  dissec¬ 
tion  microscope  and  arthropods  removed  and  stored  in  70%  ethanol. 
After  each  ounce  was  examined,  the  guano  was  stored  in  another  jar. 
The  petri  dish  was  cleaned  to  prevent  contamination,  and  the  next  layer 
was  inspected.  This  technique  of  examining  the  guano  as  moist  layers 
compared  to  dry  layers  allowed  for  a  distinct  division  of  habitats 
(Poulson  1972),  and  the  ability  of  separating  the  arthropods  by  guano 
type  preference.  Any  arthropods  collected  were  permanently  stored  in 
70%  ethanol,  with  the  exception  of  the  mites,  which  were  cleared  in 
lactophenol  and  slide  mounted  in  PVA  medium  for  microscopic  identifi¬ 
cation.  Arthropods  were  identified  using  published  keys  and  literature, 
such  as  Rees  (1947)  for  dermestids,  Lewis  (1978)  for  fleas,  Usinger 
(1966)  for  cimicids,  and  Bland  &  Jaques  (1978)  and  Arnett  (2000)  for 
general  insects.  Voucher  specimens  are  deposited  in  the  Sul  Ross  State 
University  Invertebrate  Collection,  in  addition  with  other  ectoparasites 
collected  in  the  associated  study  (Ritzi  1999). 

The  results  from  the  survey  are  presented  in  Table  1.  The  guano 
examined  consisted  of  two  distinct  layers,  an  upper  layer  composed  of 
moist  pellet-form  crust,  and  a  lower  layer  composed  of  powdered 
partially  broken  down  organic  material.  The  upper  layer  was  charac¬ 
terized  by  bat  bugs,  adult  fleas,  black  blow-flies  and  various  acari.  The 
lower  layer  possessed  dermestid  and  tenbrionid  larvae,  as  well  as  latrine 
fly  pupae.  This  finer  material  served  as  a  breeding  area  for  Myodop- 
sylla  collinsi ,  which  had  numerous  larvae  in  the  August  1998  collection. 
These  fleas  were  observed  emerging  and  climbing  the  walls  to  feed  on 
the  roosting  bats  by  mid  September.  The  species  collected  in  this  study 
are  unique  when  compared  to  the  two  previous  building  studies.  The 
only  two  species  that  overlap  are  Cheletonella  vespertilionsis  and 
Tenebrio  molitor ,  while  Cimex  pilosellus  and  M.  collinsi  mirrored  the 
presence  of  Cimex  adjuctus  and  Myodopsylla  insignis  of  the  northern 
studies  and  are  explained  by  the  western  species  distribution.  Of 
particular  note  is  the  presence  of  Dermestes  ater  in  this  study,  as 
compared  to  Dermestes  carnivorus,  as  the  primary  decomposer.  It  is 
curious  that  a  different  species  of  dermestid  was  collected  as  opposed  to 
the  dermestid  species  from  both  the  cave  and  building  systems  previous¬ 
ly  examined  (Bernath  &  Kunz  1981;  Ryckman  1956).  The  differences 
in  species  is  believed  to  be  an  effect  of  the  unique  faunal  diversity 
associated  with  the  Chihuahaun  Desert  (Dooley  et  al.  1976).  Since  this 
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Table  1.  Arthropods  from  a  Myotis  velifer  guano  community.  Numbers  indicate  total 
collected  during  entire  study. 


Arthropoda 

Adults 

Larvae 

Insecta 

Calliphoridae 

Phormia  regina  (Meigen) 

13 

Cimicidae 

Cimex  pilosellus  (Horvath) 

20 

6 

Dermestidae 

Anthrenus  sp. 

1 

Dermestes  ater  (DeGeer) 

2 

50 

Dermestes  caninus  (Gremar) 

2 

Ischnopyllidae 

Myodopsylla  collinsi  (Kohls) 

34 

>200 

Tenebrionidae 

Tenebrio  molitor  L. 

1 

Museidae 

Fannia  scalaris  (Fabricius) 

27 

Arachnida 

Cheyletidae 

Cheletonella  vespertilionsis  (Womersley) 

1 

Macronyssidae 

Macronyssus  crosbi  (Ewing  and  Stover) 

2 

Phalangidae 

Habrobunus  sp. 

1 

project  was  compared  against  other  building  studies,  the  influence  of  a 
building  community  alone  does  not  explain  the  diversity  found  at  this 
site,  and  encourages  further  work  in  this  region  to  better  understand  the 
organisms  that  reside  in  this  distinctive  region  of  Texas. 
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Distributions  of  mammals  in  north-central  Texas  have  not  been  well 
documented.  Dalquest  &  Horner  (1984)  reported  a  few  mammals  from 
Montague  and  Wise  counties,  and  McCarley  (1959)  and  Schmidly  (1983) 
documented  a  few  species  in  Grayson,  Collin  and  portions  of  Cooke  and 
Denton  counties.  Davis  &  Schmidly  (1994)  summarized  records  from 
all  counties  in  Texas. 
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Herein  are  presented  localities  of  record  for  12  species  of  mammals 
in  north-central  Texas.  Five  represent  new  county  records,  and  three 
are  range  extensions.  The  study  area  consisted  of  Collin,  Cooke, 
Denton,  Grayson  and  Wise  counties.  Voucher  specimens  are  housed  in 
the  Sternberg  Museum  of  Natural  History  (MHP),  Fort  Hays  State 
University. 

Cry p tods  parva. — In  north-central  Texas,  the  least  shrew  has  been 
reported  previously  only  from  Cooke,  Denton  and  Montague  counties 
(Davis  &  Schmidly  1994).  The  following  new  records  were  obtained  by 
trapping  in  fields  where  the  predominant  vegetation  was  little  bluestem 
(Schizachrium  scoparium).  COLLIN  COUNTY:  5.1  mi  SE  of  Prosper 
along  U.S.  highway  380  (MHP  34110-341 1 1,  both  males  captured  on  17 
January  1999);  9.5  mi  W  of  McKinney  along  Texas  highway  121  (MHP 
34105-34106,  a  female  and  male  captured  on  18  January  1999);  5.5  mi 
NE  of  Frisco  along  U.S.  highway  380  (MHP  34109,  a  male  captured  on 
24  January  1999);  3.6  mi  NW  of  Prosper  along  county  road  6  (MHP 
34103-34104,  a  male  and  female  captured  on  11  March  1999).  The 
female  trapped  in  March  was  lactating,  thus  corroborating  a  previous 
report  (Pitts  1982)  that  the  least  shrew  begins  breeding  in  certain  areas 
of  Texas  in  February  or  early  March.  GRAYSON  COUNTY:  0.8miSE 
of  Gordonville  along  FM  901  (MHP  34112,  a  male  captured  on  14 
February  1999).  WISE  COUNTY:  LBJ  National  Grasslands,  Red  Deer 
Archery  Range  (MHP  34414,  a  male  captured  on  17  April  1999). 

Scalopus  aquadcus Eastern  moles  are  known  from  most  of  eastern 
and  northern  Texas  but  have  not  been  reported  previously  from  Cooke 
or  Wise  counties  (Davis  &  Schmidly  1994).  Specimens  were  obtained 
from  both  those  counties  by  trapping  at  surface  burrows  in  roadside 
ditches.  COOKE  COUNTY:  2.3  mi  W  of  Lake  Kiowa  (MHP  34415,  a 
male  captured  on  19  May  1999).  WISE  COUNTY:  LBJ  National  Grass¬ 
lands,  Red  Deer  Archery  Range  (MHP  34416,  a  male  captured  on  23 
May  1999). 

Dasypus  novemcinctus . — Although  the  nine-banded  armadillo  is 
abundant  throughout  north-central  Texas,  it  has  been  documented  only 
in  Cooke,  Denton,  Montague  and  Wise  counties  (Dalquest  &  Horner 
1984;  Davis  &  Schmidly  1994).  Specimens  were  obtained  in  two 
additional  counties.  COLLIN  COUNTY:  7  mi  SE  of  Frisco  on  Texas 
highway  121  (MHP  34417,  a  male  obtained  in  a  pasture  on  17  April 
1999).  GRAYSON  COUNTY:  2  mi  SW  of  Gordonville  on  U.S.  high- 
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way  377  (MHP  34113,  a  male  obtained  in  live  oak  ( Quercus  virginiana) 
woodland  on  14  February  1999). 

Sciurus  niger. — Although  the  fox  squirrel  is  common  in  suitable 
habitat  throughout  north-central  Texas,  it  previously  has  been  reported 
only  in  Collin,  Cooke  and  Montague  counties  (Dalquest  &  Horner  1984; 
Davis  &  Schmidly  1994).  Specimens  were  obtained  from  live  oak  trees 
in  two  additional  counties.  DENTON  COUNTY:  1  mi  S  of  Krugerville 
along  U.S.  highway  377  (MHP  34489,  a  male  shot  on  18  October  1998). 
GRAYSON  COUNTY:  2  mi  S  of  Tioga  along  U.S.  highway  377  (MHP 
34115,  a  male  shot  on  7  December  1998). 

Geornys  breviceps.—  In  north-central  Texas,  Baird’s  pocket  gopher  has 
been  documented  only  in  Denton  and  Grayson  counties  (Pitts  et  al. 
1999),  where  specimens  were  identified  based  on  metaphase  karyotype 
spreads  prepared  from  bone  marrow  cells  (Baker  et  al.  1982).  Baird’s 
pocket  gopher  was  found  to  have  a  diploid  number  of  74  and  a  funda¬ 
mental  number  of  72.  This  species  was  found  to  be  common  along  U.S. 
highway  377  southward  from  the  state  line  through  Grayson  and  Denton 
counties  to  Blackjack  Road,  Aubrey  and  Lake  Kiowa  in  Cooke  County, 
and  175  specimens  (not  listed  herein)  were  trapped  outside  the  study 
area  but  near  Lake  Kiowa.  The  four  specimens  listed  herein  from 
Cooke  County  were  trapped  in  pastures  and  weedy  roadside  ditches  on 
13  March  1998.  The  three  specimens  listed  herein  from  Wise  County 
were  trapped  in  similar  habitats  on  28  December  1998.  All  were 
karyotyped.  COOKE  COUNTY:  8  mi  NW  of  Tioga  beside  county  road 
223  (MHP  33281-33282,  both  females,  the  latter  containing  one  fetus); 
0.3  mi  W  of  Lake  Kiowa  beside  FM  902  (MHP  33207,  a  male);  5.8  mi 
NW  of  Tioga  beside  county  road  287  (MHP  33315,  a  female).  WISE 
COUNTY:  5.2  mi  N  of  Alvord  beside  FM  1655  (MHP  34228-34230,  all 
females). 

Geornys  bursarius The  plains  pocket  gopher  has  been  reported  in 
north-central  Texas  only  from  Denton  and  Montague  counties  (Dalquest 
&  Horner  1984;  Davis  &  Schmidly  1994;  Pitts  et  al.  1999).  This 
species  was  found  to  be  common  from  Montague  County  southeastward 
to  Decatur.  From  Decatur  (Wise  County)  eastward  to  Aubrey,  Kruger¬ 
ville  and  Cross  Roads  (Denton  County),  there  was  a  48  km  gap  in  the 
distribution  of  this  species.  Herein,  specimens  are  reported  from  one 
additional  county  in  north-central  Texas.  All  were  trapped  in  pastures 
and  weedy  roadside  ditches.  WISE  COUNTY:  7  mi  N  of  Decatur  along 
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FM  730  (MHP  33777-33785,  eight  females  trapped  on  19  April  1997  and 
one  female  captured  on  24  November  1997);  5  mi  NE  Springtown 
beside  Texas  highway  51  (MHP  33795,  a  male  trapped  on  16  August 
1997). 

Oryzomys  palustris.— Davis  &  Schmidly  (1994)  listed  few  specimens 
of  the  marsh  rat  from  northeastern  Texas,  and  Stangl  et  al.  (1992) 
reported  the  marsh  rat  to  be  uncommon  in  the  northwestern  part  of  its 
range  in  Oklahoma.  One  noteworthy  specimen  of  this  species  was 
obtained  in  north-central  Texas.  DENTON  COUNTY :  1 . 8  mi  E  of  Little 
Elm  along  FM  720  (MHP  34246,  a  male  trapped  north  of  Lake  Lewis¬ 
ville  on  26  March  1999  in  a  runway  through  dense  vegetation  dominated 
by  Johnson  grass,  Sorghum  halpense).  The  locality  of  capture  is  105 
km  southwest  of  a  previous  locality  of  record  5.5  mi  NW  of  Honey- 
grove,  Fannin  County,  Texas  (Stangl  &  McDonough  1997)  and  approxi¬ 
mately  70  km  southeast  of  a  previous  locality  of  record  in  Love  County, 
Oklahoma  (Gettinger  1991). 

Reithrodontomys  fulvescens.—Mthough  common  in  north-central 
Texas,  the  fulvous  harvest  mouse  has  been  reported  only  from  Cooke 
and  Montague  counties  (Dalquest  &  Horner  1984;  Davis  &  Schmidly 
1994).  Specimens  were  obtained  from  pastures  dominated  by  little 
bluestem  and  from  weedy  roadside  ditches  in  four  additional  counties. 
COLLIN  COUNTY:  5  mi  NE  of  Frisco  along  U.S.  highway  380  (MHP 
34340-34342,  one  male  and  two  females  trapped  on  10  January  1999); 
5.1  mi  SE  of  Prosper  along  U.S.  highway  380  (MHP  34346,  a  male 
trapped  on  17  January  1999);  5  mi  NW  of  Frisco  along  U.S.  highway 
380  (MHP  34347-34349,  a  male  and  two  females  trapped  on  5  February 
1999).  DENTON  COUNTY:  4.2  mi  SW  of  Celina  along  FM  428  (MHP 
34354-34355,  a  male  and  female  trapped  on  15  February  1999). 
GRAYSON  COUNTY:  1  mi  S  of  Tioga  along  U.S.  highway  377  (MHP 
33950,  a  male  trapped  on  22  November  1998).  WISE  COUNTY:  LBJ 
National  Grasslands,  Red  Deer  Archery  Range  (MHP  34476,  a  male 
trapped  on  17  April  1999). 

Reithrodontomys  montanus. — The  plains  harvest  mouse  has  been 
documented  in  north-central  Texas  in  Cooke  and  Montague  counties 
(Dalquest  &  Horner  1984;  Davis  &  Schmidly  1994).  A  single  specimen 
of  this  species  was  collected  in  one  additional  county.  GRAYSON 
COUNTY:  0.8  mi  SE  of  Gordonville  along  FM  901  (MHP  34356,  a 
female  trapped  on  14  February  1999).  This  locality  is  the  northeastern- 
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most  for  the  species  in  Texas. 

Baiornys  taylori. — The  pygmy  mouse  is  common  in  north-central 
Texas,  but  specimens  previously  were  available  only  from  Denton, 
Montague  and  Wise  counties  (Dal quest  &  Horner  1984;  Pitts  &  Smolen 
1989;  Davis  &  Schmidly  1994).  This  study  documented  the  species  in 
roadside  ditches  in  two  additional  counties.  COLLIN  COUNTY:  5. 1  mi 
SE  of  Prosper  along  U.S.  highway  380  (MHP  34236-34239,  three  males 
and  one  female  trapped  on  17  January  1999);  10  mi  W  of  McKinney 
along  Texas  highway  121  (MHP  34232,  a  female  trapped  on  18  January 
1999).  GRAYSON  COUNTY:  1  mi  S  of  Tioga  along  U.S.  highway  377 
(MHP  33836-33837,  two  females  trapped  on  22  November  1998);  1  mi 

5  of  Tioga  along  U.S.  highway  377  (MHP  33838,  a  male  trapped  on  22 
November  1998).  These  records  represent  a  slight  northeastern  range 
extension  from  Denton  and  Cooke  counties  (Pitts  &  Smolen  1989;  Davis 

6  Schmidly  1994). 

Sigtnodon  hispidus .—Although  the  hispid  cotton  rat  may  be  the  most 
abundant  mammal  in  north-central  Texas,  it  previously  was  not  docu¬ 
mented  in  Collin  County  (Dalquest  &  Horner  1984;  Davis  &  Schmidly 
1994).  The  following  specimens  were  obtained  in  pastures  and  roadside 
ditches.  COLLIN  COUNTY:  3.2  mi  SE  of  Prosper  along  U.S.  highway 
380  (MHP  34383,  a  female  trapped  on  10  January  1999);  5  mi  NE  of 
Frisco  along  Texas  highway  380  (MHP  34361-34362,  a  male  and  female 
trapped  on  10  January  1999);  5.1  mi  SE  of  Prosper  along  U.S.  highway 
380  (MHP  34384-34387,  one  male  and  three  females  trapped  on  17 
January  1999);  10  mi  W  of  McKinney  along  Texas  highway  121  (MHP 
34364-34365,  a  male  and  female  trapped  on  18  January  1999). 

Canis  latrans.—  The  coyote  almost  certainly  occurs  in  every  county 
in  Texas  and  has  been  documented  in  every  county  in  the  study  area 
except  Wise  County  (Dalquest  &  Horner  1984;  Davis  &  Schmidly 
1994).  A  specimen  was  salvaged  from  that  county,  which  was  found 
dead  on  a  road  bordered  by  fallow  fields.  WISE  COUNTY:  6  mi  E  of 
Decatur  along  U.S.  highway  380  (MHP  34488,  a  female,  28  December 
1998). 
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Since  its  accidental  introduction  at  the  port  of  Mobile,  Alabama,  circa 
1940  (Buren  1972;  Rhoades  1977),  the  red  imported  fire  ant  Solenopsis 
invicta  has  expanded  its  range  in  the  United  States  to  >100  million  ha 
(Vinson  1997).  The  primary  diet  of  this  species  is  thought  to  be  inverte- 
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brates  (Vinson  &  Greenberg  1986),  but  it  negatively  affects  many 
vertebrate  species  (reviewed  by  Allen  et  al.  1994).  Recently,  Allen  et 
al.  (1997)  found  that  white-tailed  deer  Odocoileus  virginianus  recruit¬ 
ment  doubled  when  S .  invicta  populations  were  suppressed.  The  study 
speculated  that  fawns  in  areas  with  high  densities  of  S.  invicta  ex¬ 
perienced  greater  mortality  due  to  direct  killing  of  fawns  by  the  ants  and 
indirect  effects  of  blinding,  debilitation  and  increased  coyote  ( Canis 
latrans)  predation.  The  study  suggested  that  fawns  in  these  areas  would 
be  more  vulnerable  to  C.  latrans  predation  if  the  fawns  moved  more 
often  in  response  to  irritating  stings  from  these  ants.  However,  the 
study  by  Allen  et  al.  (1997)  lacked  data  to  support  these  ideas  relative 
to  the  mechanism  causing  the  reduction  in  fawn  recruitment.  This  report 
represents  the  first  observation  supporting  the  hypothesis  that  S.  invicta 
increases  the  vulnerability  of  O.  virginianus  fawns  to  predation  by 
stinging  fawns  when  they  are  resting,  resulting  in  movements  by  fawns 
away  from  otherwise  safe  resting  sites. 

On  6  June  1998  at  1400  h,  in  Refugio  County,  Texas  (28°30’N, 
97°10’W,  20  to  30  m  elev.),  near  the  study  area  of  Allen  et  al.  (1997), 
a  white-tailed  deer  fawn  ran  across  a  pasture,  stopped  under  a  tree  50 
m  from  the  authors,  and  licked  and  scratched  its  hindquarters.  The  fawn 
was  thought  to  be  moving  from  a  resting  place  possibly  due  to  stings  by 
S.  invicta  because  (1)  red  imported  fire  ants  in  this  area  were  found  to 
rapidly  recruit  to  food  sources  (269  ±  39  ants  [x  ±  SEM]  in  30  min 
in  1998;  Mueller  et  al.  1999),  (2)  the  fawn  was  moving  in  the  middle  of 
a  hot  afternoon  unaccompanied  by  its  mother,  and  (3)  the  fawn  ap¬ 
peared,  by  its  posture  while  standing  and  walking,  to  have  something 
irritating  its  hindquarters.  When  it  lay  down  it  was  captured  and 
examined  for  ants.  Three  fire  ants,  one  of  which  was  stinging  the  fawn, 
were  found  on  its  hindquarters  where  it  had  been  scratching  and  licking. 
The  fawn  began  bleating  while  being  restrained,  causing  a  second  fawn 
to  rise  and  run  from  25  m  away.  The  captured  fawn  was  released  and 
ran  about  50  m  back  toward  its  original  location.  Subsequently,  two 
does,  probably  the  fawns’  mothers,  emerged  from  woody  cover  about 
100  m  away  and  approached  the  area. 

The  first  fawn  was  particularly  vulnerable  to  predation  for  two  rea¬ 
sons.  First,  the  movement  of  the  fawn  was  highly  visible.  The  path  of 
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the  fawn  as  it  ran  across  the  pasture  had  little  vegetative  cover  for  visual 
obstruction,  the  visibility  at  the  time  of  the  movement  (mid  afternoon) 
was  excellent,  and  the  running  and  scratching  of  the  fawn  were  atten¬ 
tion-grabbing  in  a  scene  that  was  otherwise  very  still.  Second,  the  fawn 
bedded  down  at  the  spot  where  it  stopped  running.  Its  coloration  and 
stillness  in  the  shade  of  the  tree  provided  good  camouflage,  but  its 
failure  to  move  through  cover  before  bedding  down  resulted  in  it  being 
easily  found  and  captured.  Movement  of  the  fawn  also  may  have  made 
it  more  vulnerable  to  predation  by  canid  and  felid  predators  because  of 
the  additional  scent  trail  that  these  predators  could  follow. 

If  predation  resulting  from  increased  movement  is  the  primary  factor 
causing  fawn  mortality  by  S.  invicta ,  then  the  relationship  between  ant 
populations  and  fawn  mortality  may  vary  tremendously  across  habitats. 
Vulnerability  of  fawns  to  predation  will  depend  not  only  on  the  number 
of  fawn  movements  caused  by  S.  invicta ,  but  also  on  predator  popula¬ 
tions  and  cover.  Future  studies  may  need  to  measure  these  additional 
variables  associated  with  vulnerability  to  predation  to  understand  the 
mechanism  by  which  S.  invicta  affects  fawn  survival. 
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BOOK  REVIEW 

Shinner’s  &  Mahler’s  Illustrated  Flora  of  North  Central  Texas  by 
George  M.  Diggs,  Jr.,  Barney  L.  Lipscomb  and  Robert  O’Kennon. 
Botanical  Research  Institute  of  Texas,  Sida,  Botanical  Miscellany  No. 
6,  1999.  1626  pages  plus  XII  introductory  pages.  174  color  photo¬ 

graphs,  44  figures,  more  than  2300  line-drawing  illustrations,  15 
appendices,  glossary,  literature  cited  with  nearly  3000  references,  index. 
ISBN  1-889878-0-01-4. 

This  monumental  work  is  the  first  publication  of  the  Illustrated  Texas 
Floras  Project,  a  collaborative  project  of  the  Austin  College  Center  for 
Environmental  Studies  and  the  Botanical  Research  Institute  of  Texas.  It 
treats  all  2223  species  (2376  taxa  including  subspecies  and  varieties)  of 
native  and  naturalized  vascular  plants  known  to  occur  in  north-central 
Texas,  an  area  of  roughly  40,000  square  miles  centered  around  Dallas 
and  Fort  Worth  which  encompasses  the  Cross  Timbers  vegetation  region 
and  all  but  the  southwestern  portion  of  the  Blackland  Prairie  region. 
The  Flora  includes  about  46  percent  of  all  species  known  from  Texas. 

Following  a  preliminary  section  of  information  helpful  for  using  the 
Flora ,  the  authors  provide  an  informative  and  well-illustrated  intro¬ 
duction  to  north-central  Texas  describing  the  region’s  geologic  history, 
present  geology,  soils,  climate  and  vegetation  patterns.  A  series  of 
beautiful  color  plates,  keys  to  the  major  groups  and  families  of  vascular 
plants,  and  the  main  section  with  the  taxonomic  treatments  follow. 

The  authors  indicate  that  the  Flora  aims  to  a  larger  audience  than  just 
professional  botanists.  While  some  of  the  keys  are  not  easy  for  amateurs 
or  students,  the  Flora  is  significantly  more  accessible  than  the  cumber¬ 
some,  non-illustrated  Manual  of  the  Vascular  Plants  of  Texas  (Correll 
&  Johnston  1970)  which  is  still  the  only  flora  covering  many  portions 
of  Texas.  While  necessarily  rather  technical,  the  keys  do  define  many 
terms  in  parentheses.  Descriptions  of  taxa,  in  addition  to  diagnostic 
features  and  geographic  ranges,  include  a  rich  array  of  information  about 
the  origin  and  meaning  of  the  Latin  name,  synonymy,  taxonomic  issues, 
habitat,  whether  the  species  is  introduced,  poisonous  properties  and 
economic  or  medicinal  uses.  A  line  drawing  showing  both  vegetative 
and  reproductive  features  accompanies  each  species.  Although  the  line 
drawings  are  very  helpful,  especially  to  non-specialists,  some  suffer 
from  excessive  reduction  to  fit  the  page. 
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Fifteen  appendices  also  enhance  the  flora.  Some  include  a  list  of 
Texas  endemic  species  occurring  in  north  central  Texas,  a  description 
of  how  to  collect  specimens  for  botanical  study,  a  list  of  larval  Lepidop- 
teran  host  plants  in  north  central  Texas,  and  a  suggested  list  of  native 
ornamental  plants.  Appendix  6,  "Taxonomy,  classification,  and  the 
debate  about  Cladistics"  is  the  best  description  for  students  and  laymen 
of  Cladistics  and  of  the  conflict  between  Cladistics  and  traditional  classi¬ 
fication  that  this  reviewer  has  seen.  The  glossary  includes  additional 
terms  not  included  in  the  text  as  to  be  useful  with  other  less  user- 
friendly  floras.  The  impressive  literature  cited  section  provides  a 
substantial  introduction  to  the  literature  for  every  taxon  treated  in  the 
flora. 

Overall  the  work  is  well  written  and  reasonably  error  free.  Test¬ 
keying  of  several  specimens  from  difficult  genera  {Car ex,  Cy perns, 
Aster,  Panicum)  revealed  no  major  problems.  As  expected  in  a  work  of 
this  magnitude,  there  are  a  few  typographic  errors  and  inconsistencies. 
For  example,  while  the  authors  use  Evonyomus  as  the  preferred  spelling 
for  this  genus  in  the  taxonomic  treatment,  it  is  listed  as  Euonymus  in 
Appendix  12. 

The  Flora  is  a  significant  contribution  to  botany  in  Texas.  It  is 
essential  for  any  Texas  botanist’s  library  and  will  be  invaluable  to 
botanists,  ecologists,  natural  resource  professionals,  students,  hobbyists, 
landowners  and  educators.  The  authors  are  currently  at  work  on  a 
two-volume  illustrated  Flora  for  eastern  Texas.  If  of  the  same  caliber 
as  the  Flora  of  North  Central  Texas ,  the  predicted  publication  of  Volume 
1  in  2002  will  also  provide  a  much-needed  boost  to  botanical  efforts  in 
the  Piney woods. 


James  E.  Van  Kley 
Department  of  Biology 
Stephen  F.  Austin  State  University 
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INSTRUCTIONS  TO  AUTHORS 

Scholarly  manuscripts  reporting  original  research  results  in  any  field 
of  science  or  technology  will  be  considered  for  publication  in  The  Texas 
Journal  of  Science.  Prior  to  acceptance,  each  manuscript  will  be 
reviewed  both  by  knowledgeable  peers  and  by  the  editorial  staff. 
Authors  are  encouraged  to  suggest  the  names  and  addresses  of  two 
potential  reviewers  to  the  Manuscript  Editor  at  the  time  of  submission 
of  their  manuscript.  No  manuscript  submitted  to  the  Journal  is  to  have 
been  published  or  submitted  elsewhere.  Excess  authorship  is  dis¬ 
couraged.  Manuscripts  listing  more  than  four  authors  will  be  returned 
to  the  corresponding  author. 

Upon  completion  of  the  peer  review  process,  the  corresponding 
author  is  required  to  submit  two  laser  quality  copies  of  the  final  revised 
manuscript  as  well  as  a  diskette  (3.5  inch)  copy. 

Format 

Except  for  the  corresponding  author’s  address,  manuscripts  must  be 
double-spaced  throughout  (including  legends  and  literature  cited)  and 
submitted  in  TRIPLICATE  (typed  or  photocopied)  on  8.5  by  11  inch 
bond  paper,  with  margins  of  approximately  one  inch  and  pages 
numbered.  The  right  margin  should  not  be  justified.  Words  should  not 
be  hyphenated.  The  text  can  be  subdivided  into  sections  as  deemed 
appropriate  by  the  author(s).  Possible  examples  are:  Abstract;  Methods 
and  Materials;  Results;  Discussion;  Summary  or  Conclusions; 
Acknowledgments;  Literature  Cited.  Major  internal  headings  are 
centered  and  capitalized.  Computer  generated  manuscripts  must  be 
reproduced  as  letter  quality  or  laser  prints,  not  dot  matrix. 

References 

References  must  be  cited  in  the  text  by  author  and  date  in 
chronological  {not  alphabetical)  order;  Jones  (1971);  Jones  (1971 ;  1975); 
(Jones  1971);  (Jones  1971;  1975);  (Jones  1971;  Smith  1973;  Davis 
1975);  Jones  (1971),  Smith  (1973),  Davis  (1975);  Smith  &  Davis 
(1985);  (Smith  &  Davis  1985).  Reference  format  for  more  than  two 
authors  is  Jones  et  al.  (1976)  or  (Jones  et  al.  1976).  Citations  to 
publications  by  the  same  author(s)  in  the  same  year  should  be  designated 
alphabetically  (1979a;  1979b). 
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Literature  Cited 

Journal  abbreviations  in  the  Literature  Cited  section  should  follow 
those  listed  in  BIOSIS  Previews  ®  Database  (ISSN:  1044-4297).  All 
libraries  receiving  Biological  Abstracts  have  this  text;  it  is  available  from 
the  interlibrary  loan  officer  or  head  librarian.  Otherwise  standard 
recognized  abbreviations  in  the  field  of  study  should  be  used.  All 
citations  in  the  text  must  be  included  in  the  Literature  Cited  section  and 
vice  versa. 

Consecutively-paged  journal  volumes  and  other  serials  should  be  cited 
by  volume,  number,  and  pagination.  Serials  with  more  than  one  number 
and  that  are  not  consecutively  paged  should  be  cited  by  number  as  well. 
The  following  are  examples  of  a  variety  of  citations: 

Journals  &  Serials. — 

Jones,  T.  L.  1971.  Vegetational  patterns  in  the  Guadalupe  Mountains, 
Texas.  Am.  J.  Bot.,  76(3):266-278. 

Smith,  J.  D.  1973.  Geographic  variation  in  the  Seminole  bat,  Lasiurus 
seminolus  J.  Mammal.,  54(l):25-38. 

Smith,  J.  D.,  &  G.  L.  Davis.  1985.  Bats  of  the  Yucatan  Peninsula. 
Occas.  Pap.  Mus.,  Texas  Tech  Univ.,  97:1-36. 

Books. — 

Jones,  T.  L.  1975.  An  introduction  to  the  study  of  plants.  John  Wiley 
&  Sons,  New  York,  386  pp. 

Jones,  T.  L.,  A.  L.  Bain  &  E.  C.  Burns.  1976.  Grasses  of  Texas. 
Pp.  205-265,  in  Native  grasses  of  North  America  (R.  R.  Dunn,  ed.), 
Univ.  Texas  Studies,  205:630  pp. 

Unpublished. — 

Davis,  G.  L.  1975.  The  mammals  of  the  Mexican  state  of  Yucatan. 
Unpublished  Ph.D.  dissertation,  Texas  Tech  Univ. ,  Lubbock,  396  pp. 

In  the  text  of  the  manuscript,  the  above  unpublished  reference  should 
be  cited  as  Davis  (1975)  or  (Davis  1975).  Unpublished  material  that 
cannot  be  obtained  nor  reviewed  by  other  investigators  (such  as 
unpublished  or  unpublished  field  notes)  should  not  be  cited. 
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Graphics,  Figures  &  Tables 

Every  table  must  be  included  as  a  computer  generated  addendum  or 
appendix  of  the  manuscript.  Computer  generated  figures  and  graphics  must 
be  laser  quality  and  camera  ready,  reduced  to  5.5  in.  (14  cm)  in  width  and  no 
more  than  8.5  in.  (20.5  cm)  in  height.  Shading  is  unacceptable.  Instead, 
different  and  contrasting  styles  of  crosshatching,  grids,  line  tints,  dot  size,  or 
other  suitable  matrix  can  denote  differences  in  graphics  or  figures.  Figures, 
maps  and  graphs  should  be  reduced  to  the  above  graphic  measurements  by  a 
photographic  method.  A  high  contrast  black  and  white  process  known  as  a 
PMT  or  Camera  Copy  Print  is  recommended.  Authors  unable  to  provide 
reduced  PMT’s  should  submit  their  originals.  Do  not  affix  originals  or  PMT’s 
to  a  cardboard  backing.  Figures  and  graphs  which  are  too  wide  to  be  reduced 
to  the  above  measurements  may  be  positioned  sideways.  They  should  then  be 
reduced  to  9  in.  (23  cm)  wide  and  5  in.  (12.5  cm)  in  height.  Black  and  white 
photographs  of  specimens,  study  sites,  etc.  should  comply  with  the  above 
dimensions  for  figures.  Color  photographs  cannot  be  processed  at  this  time. 
Each  figure  should  be  marked  on  the  back  with  the  name  of  the  author(s)  and 
figure  number  and  top  of  figure.  All  legends  for  figures  and  tables  must  be 
typed  (double-spaced)  on  a  sheet(s)  of  paper  separate  from  the  text.  All 
figures  must  be  referred  to  in  text  as  "Figure  3"  or  "(Fig. 3)";  all  tables  as 
"Table  3"  or  "(Table  3)". 

Galley  Proofs  &  Reprints 

The  principal  author  will  receive  galley  proofs  along  with  edited  typescript. 
Proofs  must  be  corrected  and  returned  to  the  Managing  Editor  within  five 
days;  failure  to  return  corrected  galley  proofs  promptly  will  result  in  delay  of 
publication.  The  Academy  will  provide  100  reprints  without  charge  for  each 
feature  article  or  note  published  in  the  Journal.  These  will  be  mailed  to  the 
senior  author  or  the  designated  contact  person  following  the  publishing  of  each 
issue  of  the  Journal.  The  distribution  of  reprints  among  coauthors  is  the 
responsibility  of  the  senior  author.  Authors  will  have  the  opportunity  to 
purchase  additional  reprints  (in  lots  of  100)  at  the  time  that  the  corrected 
galley  proofs  are  returned  to  the  Managing  Editor. 

Voucher  Specimens 

When  appropriate,  such  as  new  records,  noteworthy  range  extensions,  or 
faunal  or  floral  listings  for  an  area,  the  author(s)  should  provide  proper 
information  (to  include  accession  numbers)  relative  to  the  deposition  of 
voucher  specimens.  Specimens  should  be  placed  with  the  holdings  of  a 
recognized  regional  or  national  museum  or  herbarium.  The  name(s)  and 
designated  initials  used  by  the  museum  should  be  given  as  part  of  the 
introduction  or  methods  section.  Do  not  site  the  deposition  of  voucher 
specimens  in  personal  collections. 
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The  Editorial  Staff  is  very  aware  that  many  members  of  the  Academy  work 
with  organisms  that  are  protected  by  state  or  federal  regulations.  As  such,  it 
is  not  possible  to  collect  nor  deposit  these  specimens  as  vouchers.  In  the 
interest  of  maintaining  credibility,  authors  are  expected  to  provide  some 
alternate  means  of  verification  such  as  black  and  white  photographs,  list  of 
weights  or  measurements,  etc.  The  Editorial  Staff  retains  the  option  to 
determine  the  validity  of  a  record  or  report  in  the  absence  of  documentation 
with  a  voucher  specimen. 


Page  Charges 

Authors  are  required  to  pay  $50  per  printed  page.  While  members  of  the 
Academy  are  allowed  four  published  pages  per  year  free  of  charge  on 
publications  with  one  or  two  authors,  all  authors  with  means  or  institutional 
support  are  requested  to  pay  full  page  charges.  Full  payment  is  required  for 
all  pages  in  excess  of  four.  All  publications  authored  by  three  or  four  persons 
will  incur  full  page  charges.  Nonmembers  of  the  Academy  are  required  to 
pay  full  page  charges  for  all  pages.  The  Academy,  upon  written  request,  will 
subsidize  a  limited  number  of  pages  per  volume.  These  exceptions  are, 
however,  generally  limited  to  students  without  financial  support.  Should  a 
problem  arise  relative  to  page  charges,  please  contact: 

Dr.  Ned  E.  Strenth 
TJS  Managing  Editor 
Department  of  Biology 
Angelo  State  University 
San  Angelo,  Texas  76909 
E-mail:  ned.strenth@angelo.edu 

Additional  Guidelines 

An  expanded  version  of  the  above  author  guidelines  which  includes 
instructions  on  style,  title  and  abstract  preparation,  deposition  of  voucher 
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GRAY  CODE  VISUALIZATION  SCHEMES 
AND  RECURSIVE  ALGORITHMS 

David  R.  Cecil 

Department  of  Mathematics 
Texas  A&M  University-Kingsville 
Kingsville,  Texas  78363 

Abstract. — Consider  a  sequence  a  =  (a,,  a2  ,  ,  ap},  where  each  a ;  is  an  M-tuple  of 

elements  from  the  set  ZN  =  {0,1,  ,  N-l}.  Suppose  for  2  <  i  <  p,  that  a,  _  t  and  a; 

differ  in  exactly  one  position  of  their  M-tuples.  If  a  {  and  ap  also  differ  in  exactly  one 
position  and  if  all  NM  possible  M-tuples  occur  in  a  exactly  once  (so  p  =  NM)  then  a  is  called 
a  Gray  code  of  length  NM  over  the  alphabet  ZN.  An  example  of  a  Gray  code  of  length  32 
over  the  alphabet  Z3  =  {0,1,2}  is  a  =  {(2,0),  (2,1),  (2,2),  ( 1 ,2),  (1 ,0),  ( 1 , 1),  (0, 1),  (0,2), 
(0,0)}.  This  paper  presents  a  new  geometrical  scheme  and  algebraic  formulation  (using 
recursive  formulas)  to  generate  Gray  codes.  The  original  purpose  of  a  Gray  code  was  to 
avoid  errors  in  signals  transmitted  by  pulse  code  modulation.  A  Gray  code  is  also  used  in 
determining  the  position  of  a  circular  disk  after  it  stops  spinning.  Over  Z  2  Gray  codes 
provide  an  efficient  way  to  test  all  2M  states  of  a  circuit  with  M  binary  switches  without 
repeating  any  state.  Consider  an  electronic  component  joining  process  consisted  of  two 
solder  baths,  each  capable  of  being  at  low,  medium  or  high  temperature.  To  test  all  nine 
possible  combinations  for  the  two  temperatures  and  to  not  have  to  change  any  bath  more  than 
one  stage  (i.e.,  cold  to  medium,  or  medium  to  high  or  the  reverse  of  either  of  these)  a  Gray 
code  over  Z  3  could  be  used.  Other  applications  include  analog-digital  converters,  and 
English  bell-ringing  (campanology).  At  the  end  of  this  paper  is  an  application  to  Graeco-latin 
squares  and  balanced  factorial  groups  in  the  design  of  experiments. 


Courses  in  discrete  mathematics  usually  present  techniques  for  creat¬ 
ing  binary  code  sequences  such  that  adjacent  codewords  differ  in  exactly 
one  digit  (see  Johnsonbaugh  (1996)).  The  most  widely  known  technique 
is  due  to  F.  Gray  (1953)  developed  while  at  Bell  Telephone  Labora¬ 
tories.  Er  (1984)  and  Joyner  &  McShea  (1997)  generalized  the  binary 
{0,1}  concept  to  alphabets  over  {0,1,2,  ,  N-l}.  However  the  algo¬ 

rithms  for  generating  such  codes  are  algebraic  and  leave  one  wondering 
how  such  schemes  were  developed.  This  paper  takes  an  altogether 
different  approach  and  describes  a  visually  satisfying  geometrical  tech¬ 
nique  to  generate  Gray  codes. 

To  create  a  Gray  code  for  sequences  of  length  1  use  one  copy  of  an 
N-gon  (a  regular  two-dimensional  polygon  with  N  sides,  with  a  2-gon 
being  a  line  segment)  with  labels  [0],  [1],  ...  ,  [N-l]  affixed  to  the  ver¬ 
tices  in  a  counterclockwise  fashion,  starting  at  any  vertex  for  [0].  To 
create  a  Gray  code  for  sequences  of  length  2  begin  by  building  a  type2 
structure  with  N2  vertices.  Such  a  structure  consists  of  N  copies  of  an 
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N-gon  all  nested  inside  each  other  (with  an  exception  for  N  =  2  in 
which  case  the  type2  structure  is  to  be  a  square).  The  N2  vertices  will 
have  labels  [b,a\  determined  as  follows:  fix  a  vertex  on  the  outermost 
N-gon  and  label  it  [0,0].  Other  vertices  on  this  outermost  N-gon  are 
labeled  [0 ,a\,  where  a  is  assigned  1,2,  ,N-1  proceeding  counterclock¬ 

wise  around  the  N-gon  from  the  [0,0]  vertex.  Vertices  with  same  a 
entries  are  to  be  located  next  to  each  other  on  separate  N-gons.  Refer¬ 
ring  to  Figure  1  should  help  visualize  this  verbal  description.  The  b 
entry  is  to  be  0  on  all  vertices  of  the  outermost  N-gon,  1  on  all  vertices 
of  the  next  outermost  N-gon,  2  on  all  vertices  of  the  second  to  the  most 
outside  N-gon,  etc.  The  left  set  of  three  triangles  in  Figure  1  illustrates 
(if  one  thinks  of  each  triple  [2 ,b,a\  as  the  pair  [b,a])  the  results  of  this 
labeling  process  for  a  3-gon  (an  equilateral  triangle). 

The  type2  structure  is  processed  (traversed)  as  follows:  from  [0,0]  go 
to  [N-1,0]  located  on  the  most-inner  N-gon.  Work  counterclockwise  on 
that  N-gon  through  the  next  N-l  vertices  (to  [N-l,  N-l]),  then  move  to 
[N-2,  N-l]  on  the  next  outer  N-gon.  Continuing,  proceed  counter¬ 
clockwise  through  the  next  N-l  vertices  to  [N-2,  N-2].  Move  to  [N-3, 
N-2]  on  the  next  outer  N-gon,  then  counterclockwise  through  the  next 
N-l  vertices,  etc.  Finally  moving  from  [1,1]  to  [0,1]  on  the  outermost 
N-gon,  and  proceeding  through  [0,2],  [0,3],  ,  to  [0,  N-l]  and  then  to 

[0,0]. 

The  procedure  can  be  summarized  as  jump  from  the  beginning  point 
on  the  first  N-gon  encountered  to  the  most  inside  N-gon,  work  counter¬ 
clockwise,  fall  back  one  N-gon,  work  counterclockwise,  etc.  An  alge¬ 
braic  description  of  the  path  taken  is  given  by  [1(0N'  ‘)]N,  where  1 
means  that  the  left  entry  b  of  [b,a]  decreases  by  1  mod  N,  so  with  N  =  3 
we  have  [0,0]  going  to  [2,0]  and  [2,2]  going  to  [1,2].  The  0  (in  [  1  (0  N  “ 
*)]N)  refers  to  the  a  position  of  label  [b,a]  and  denotes  that  this  right 
entry  a  increases  by  1  mod  N.  Thus  with  N  =  3,  [0,1]  goes  to  [0,2] 
and  [0,2]  goes  to  [0,0].  The  power  of  an  expression  indicates  that  the 
enclosed  expression  is  to  be  repeated  the  power  number  of  times.  So 
[1(02)]3  is  to  be  interpreted  as  the  string  100100100  with  processing 
beginning  at  the  leftmost  end  and  proceeding  to  the  right.  Figure  1  has 
this  sequencing  illustrated  step-by-step. 

To  create  a  Gray  code  for  the  N3  sequences  of  length  3,  build  a  type3 
structure  as  follows:  form  a  new  N-gon  in  which  the  vertices  correspond 
to  the  type2  structures  whose  vertices  have  labels  of  the  form  [b,a\. 
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Figure  1 .  The  geometry  of  a  33  vertex  type3  triangle  as  three  32  vertex  type2  triangles  along 
with  arrowed  line  segments  representing  the  processing  of  vertices  to  produce  a  Gray 
code  of  ordered  triples  for  the  alphahet{0, 1 ,2}. 
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Add  a  third  entry  c  to  these  labels  to  produce  labels  of  the  form  [c,b,a\ 
for  each  vertex  of  the  graph.  The  value  assigned  to  c  is  determined  in 
the  following  way:  c=0  on  each  vertex  of  one  (arbitrarily  chosen)  of  the 
type2  structures.  Proceeding  counterclockwise  (on  the  new  N-gon)  to 
the  next  type2  structure,  use  c=l  on  the  labels  of  all  its  vertices,  again 
proceeding  counterclockwise  to  the  next  type2  structure  use  c  =  2  on  all 
the  labels  of  its  vertices,  etc.  To  complete  the  new  N-gon  join  vertex 
[N-1,0,N-1]  to  vertex  [N-2,0,N-1],  join  vertex  [N-2,0,N-2]  to  [N-3,0, 
N-2],  and  so  on  finally  finishing  the  connections  with  vertex  [1,0,1] 
joined  to  [0,0,1].  See  Figure  1  for  the  N  =  3  case.  The  processing  is 
as  follows:  from  [0,0,0]  jump  to  [N- 1,0,0]  in  the  last  type2  structure, 
process  this  type2  structure  as  described  earlier,  move  clockwise  to  the 
next  type2  structure,  process,  move  to  next  type2  structure,  etc.;  and  the 
path  is  denoted  by  [2[  1  (0 N  1  )]N  “ 1  (10N  2)]]N.  The  a  entry  is  always 
increased  by  1  mod  N  while  all  other  entries  are  decreased  by  1  mod  N. 
Figure  1  visually  shows  this  process  for  N  =  3  and  lists  the  sequence 
of  ordered  triples  from  start  to  end.  Note  that  the  10N'2  ends  with  one 
less  0  that  the  previous  10  N~ 1  parts,  this  is  to  ensure  that  a  vertex  is  not 
used  twice.  This  procedure  is  illustrated  in  Figure  2. 

Extending  to  sequences  of  length  K  +  1  for  K  =  3,  4,  requires  N 
typeK  structures  as  vertices  of  a  new  N-gon  with  a  new  left  entry  on  the 
labeling  of  each  vertex.  This  new  entry  starts  at  0  and  assigns  0  then  1 
then  2,  etc.  to  each  successive  (progressing  counterclockwise)  typeK  N- 
gon.  Appropriate  vertices  between  successive  typeK  structures  are  then 
connected.  The  paths  CKN,  K  =  0,1,2,  • ,  for  sequences  of  length  K 
+  1  are  given  recursively  by: 

C0  N  with  C0  =  0,  C,N  with  C,  =  (1)  (C0  N ' 1 )  (C0D), 

C  2  N  with  C  2  =  (2)  (C,  N'1)  (C,0),  C3n  with  C3  =  (3)  (C  2  N ' l)  (C  2  D), 

and  so  forth,  where  each  C , D  denotes  C ,  with  its  rightmost  digit  delet¬ 
ed.  The  construction  process  is,  essentially,  a  proof  by  induction  of  the 
validity  of  the  C,  values. 

Table  1  gives  a  Maple  procedure  and  program  to  generate  Gray 
codes  using  the  CKN  recursive  formulas. 

One  application  of  the  Gray  codes  generated  in  this  paper  is  in  pro¬ 
ducing  Graeco-latin  squares  (any  square  of  ordered  pairs  in  which  each 
entry  of  the  alphabet  appears  exactly  once  as  a  left-hand  entry  in  every 
row  and  every  column  and  similarly  for  right  hand  entries)  and  balanced 
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Figure  2.  The  geometry  of  a  34  vertex  type  3  triangle  as  three  33  vertex  type2  triangles 
along  with  arrowed  line  segments  representing  the  processing  of  vertices  from  one  33 
vertex . 
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Table  1 .  A  Maple  program  to  generate  Gray  codes  for  sequences  of  length  LL  given  the 
alphabet  {0, 1 ,2,3,...,N-1)}.  The  values  for  N  and  LL  can  be  changed,  here  we  used  4 
for  N  and  3  for  LL. 


restart: 

#  Before  running  the  program  enter  desired  values  for  N  and  LL. 
N:=4:LL:  =3: 

graycode:  =proc(N,C,CN,T,p,LL) 

local  k,m,j,w,v,Cnew,CNnew,CNFnew,Tnew,aC,aCN,aT,kk,TT; 
Cnew:  =  [p,seq(op(CN[k]),k=  1 .  .nops(CN))]: 
if  nops(C)  >  1  then 

for  m  from  1  to  nops(C)-l  do: 

Cnew:  =  [op(Cnew),C[m]J: 
od: 
fi: 

CNnew:  =  [seq(op(Cnew),j  =  1..N-1)]: 

CNFnew:  =  [op(CNnew),op(Cnew)] : 

Tnew:  =  [op(T),0]:Tnew; 
for  w  from  1  to  nops(CNFnew)  do: 
for  v  from  0  to  p  do: 

if  CNFnew[w]  =  v  then 

if  v<0  then  Tnew[v+  1]:  =  (Tnew[v  +  1  ]-l)mod  N: 

else  Tnew[v  +  1]:  =  (Tnew[v  +  1]  +  l)mod  N: 
fi: 
fi; 
od; 

TT:  =  [seq(op(Tnew[nops(Tnew)-kk+  l]),kk  =  1  ..nops(Tnew))]: 
if  p  =  (LL-l)  then  print(TT);fi; 
od: 

aC:  =Cnew:aCN:  =CNnew:aT:  =Tnew: 
if  p>LL-2  then  RETURN 

else  graycode(N,aC,aCN,aT,p+  1  ,LL); 
fi; 
end: 

CN :  =  [seq(0,j  =  1 . .  N- 1 )] : 
graycode(N,[0],CN,[0J ,  1  ,LL); 


factorial  groups  in  the  design  of  experiments.  The  example  in  Figure 
3  is  for  a  three  letter  alphabet  {0,1,2}  but  the  procedure  can  be  general¬ 
ized  to  any  odd  number  N  where  Graeco-latin  squares  exist.  The  three 
3  by  3  squares  in  the  upper  right  half  of  Figure  3  are  generated  by  first 
stripping  away  the  left-most  digit  of  the  triples  given  in  the  Gray  code 
of  the  left-hand  column,  leaving  ordered  pairs.  Beginning  with  the 
second  entry  in  each  lefthand  column  group  of  9  (20  for  the  first  square, 
22  for  the  second,  etc.)  arrange  these  pairs  in  the  3  by  3  squares  as 
follows:  place  the  first  pair  in  the  upper  left-hand  box  of  the  square. 
Then  proceed  diagonally  downward  (i.e.,  moving  one  box  to  the  right 
and  one  box  down  for  each  of  the  succeeding  entries)  producing  for  the 
first  square  20,  21  and  22.  If  going  to  the  right  would  involve  leaving 
the  square  then  reenter  the  square  from  the  left  on  the  same  horizontal 
line.  If  going  down  would  leave  the  square  then  reenter  on  the  topmost 
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Figure  3.  Some  applications  of  a  Gray  code  to  plans  for  design  of  experiments  with  3  by 
3  Graeco-latin  squares  and  a  33  balanced  factorial  group. 


106 


THE  TEXAS  JOURNAL  OF  SCIENCE-VOL.  53,  NO.  2,  2001 


line  of  the  square  in  that  same  column,  or  if  that  cell  is  already  filled 
proceed  vertically  downward  to  the  first  empty  cell  and  place  the  pair 
there.  Referring  to  Figure  3  should  clarify  the  process  with,  in  the  first 
square,  the  successive  entries  of  12  (note  its  position),  10  and  11.  The 
last  3  entries  01,  02  and  00  are  then  placed  as  shown. 

To  generate  a  balanced  33  factorial  group  place  the  3  groups  of  9  each 
in  a  cube  as  illustrated  in  the  lower  half  of  Figure  3  and  then  read  this 
cube  top  to  bottom,  left  to  right. 
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REPRODUCTION  IN  THE  NIGHT  SNAKE, 

HYPSIGLENA  TORQUATA  (SERPENTES:  COLUBRIDAE), 
FROM  ARIZONA 

Stephen  R.  Goldberg 

Department  of  Biology,  Whittier  College 
Whittier,  California  90608 

Abstract.— Reproductive  tissue  was  examined  from  109  sexually  mature  Hypsiglena 
torquata  museum  specimens  from  Arizona.  Males  follow  a  seasonal  testicular  cycle  with 
sperm  produced  April  to  September.  The  prolonged  period  of  sperm  production  suggests  a 
similarity  to  testicular  cycles  of  some  tropical  snakes.  Sperm  was  present  in  the  vasa 
deferentia  from  April  to  September  indicating  H.  torquata  has  the  potential  for  breeding 
throughout  this  period.  Male  H.  torquata  reach  sexual  maturity  at  a  smaller  size  than 
females.  Females  with  enlarged  follicles  (>  12  mm  length)  or  oviductal  eggs  were  found 
April  to  August.  There  was  no  evidence  that  more  than  one  clutch  of  eggs  is  produced 
during  the  same  breeding  season.  Mean  clutch  size  for  nine  females  was  3.2  ±  1.5  SD, 
range  =  2-6. 


The  night  snake,  Hypsiglena  torquata  ranges  from  northern  Cali¬ 
fornia,  central  Washington,  northern  Utah,  southwest  Kansas,  south  to 
the  tip  of  Baja  California  and  through  mainland  Mexico  from  sea  level 
to  around  2650  m  (Stebbins  1985).  It  is  a  nocturnal  and  crepuscular 
prowler  that  frequents  a  variety  of  habitats  including  grassland,  chapar¬ 
ral,  sagebrush,  deserts,  woodland,  mountain  meadows,  thornscrub  and 
thorn  forest  (Stebbins  1985).  There  are  many  anecdotal  reports  of 
reproduction  in  this  species  (Hibbard  1937;  Tanner  1944;  Dundee  1950; 
Werler  1951;  Stebbins  1954;  Gates  1957;  Clark  &  Lieb  1973;  Vitt  1975; 
Tanner  &  Ottley  1981;  Tennant  1984;  Lowe  et  al.  1986;  Degenhardt  et 
al.  1996;  Hammerson  1999).  Diller  &  Wallace  (1986)  published  an 
account  of  reproduction  in  H.  torquata  from  southwestern  Idaho.  Fitch 
(1970)  reported  H.  torquata  has  an  extended  breeding  season.  The 
purpose  of  this  paper  is  to  provide  information  on  the  ovarian  and 
testicular  cycles  of  H.  torquata  from  Arizona  from  a  histological 
examination  of  preserved  gonads  from  museum  specimens.  A  compari¬ 
son  is  made  with  reproductive  data  on  H.  torquata  from  Idaho  (Diller 
&  Wallace  1986).  Studying  the  reproductive  cycle  in  different  parts  of 
a  snake’s  range  allows  one  to  see  the  extent  of  geographic  variation  in 
reproduction  within  a  species. 
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Materials  and  Methods 

A  sample  of  109  sexually  mature  specimens  of  H.  torquata  (42 
females,  mean  snout- vent  length,  SVL  =  360  mm  ±45.4  SD ,  range  = 
310-503  mm;  67  males,  SVL  =  300  mm  ±  27.2  SD,  range  =  237-368 
mm)  from  Arizona  was  examined  from  the  herpetology  collections  of 
Arizona  State  University,  Tempe  (ASU),  The  Natural  History  Museum 
of  Los  Angeles  County,  Los  Angeles  (LACM)  and  The  University  of 
Arizona,  Tucson  (UAZ).  Snakes  were  collected  1947-1998.  Most  of 
the  snakes  66/109  (61%)  came  from  Pima  County.  Counts  were  made 
of  enlarged  ovarian  follicles  ( >  12  mm  length)  or  oviductal  eggs.  The 
left  testis,  vas  deferens  and  a  portion  of  the  kidney  were  removed  from 
males;  the  left  ovary  was  removed  from  females  for  histological  exami¬ 
nation.  Tissues  were  embedded  in  paraffin  and  sectioned  at  5  /xm. 
Slides  with  tissue  sections  were  stained  with  Harris’  hematoxylin 
followed  by  eosin  counterstain.  Testis  slides  were  examined  to  deter¬ 
mine  the  stage  of  the  testicular  cycle;  ovary  slides  were  examined  for  the 
presence  of  yolk  deposition  (secondary  yolk  deposition  sensu  Aldridge 
1979).  Because  some  of  the  specimens  were  road  kills,  not  all  tissues 
were  available  for  histological  examination  due  to  damage  or  autolysis. 
Number  of  specimens  examined  by  reproductive  tissue  were:  testis  = 
67,  vas  deferens  =  45,  kidney  =  55,  ovary  —  42. 


Material  examined.— The  following  adult  specimens  of  Hypsiglena 
torquata  from  Arizona  were  examined:  COCHISE  COUNTY,  (ASU 
30138,  30183,  30252,  31380,  UAZ  24967,  24981,  37878,  39745,  44326); 
GILA  COUNTY,  (ASU  675,  UAZ  32527,  39736);  GRAHAM  COUNTY, 
(ASU  7007);  GREENLEE  COUNTY,  (UAZ  42682);  LAPAZ  COUNTY, 
(LACM  138304,  UAZ  5000);  MARICOPA  COUNTY,  (ASU  252,  894,  895, 
1228,  1595,  1597,  1599,  2256,  2263,  2280,  2292,  2316,  2676,  3655,  10244, 
27451,  LACM  125260,  125261,  UAZ  24997,  44604,  46497);  MOHAVE 
COUNTY,  (LACM  145172,  UAZ  33965,  44864);  PIMA  COUNTY,  (ASU 
24025,  24026,  28055,  28413,  LACM  2367,  27752,  34920-34923,  63455, 
64311,  76373,  101827-  101829,  101832,  101833,  107338,  115799,  115801, 
115802,  123769,  UAZ  24956-24958,  24961,  24964,  24975,  24985,  24989, 
24991,  24998,  24999,  25003,  25021,  25027,  28063,  28501,  28600,  30621, 
32526,  34517,  40386,  41205,  41210,  41220,  41227,  42473,  42474,  42595, 
44245,  44309,  47167,  50317,  50799-50801,  51095,  51096,  51628);  PINAL 
COUNTY,  (ASU  13907,  UAZ  24292,  25022);  SANTA  CRUZ  COUNTY, 
(UAZ  48598);  YAVAPAI  COUNTY  (UAZ  50802);  YUMA  COUNTY, 
(LACM  9131,  UAZ  35708,  39742). 
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Table  1 .  Monthly  distribution  of  conditions  in  seasonal  testicular  cycle  of  Hypsiglena 
torquata.  Values  shown  are  the  numbers  of  males  exhibiting  each  of  the  three  conditions. 


Month 

n 

Regressed 

Recrudescence 

Spermiogenesis 

February 

1 

0 

1 

0 

March 

1 

1 

0 

0 

April 

7 

0 

2 

5 

May 

16 

0 

2 

14 

June 

15 

0 

0 

15 

July 

7 

0 

0 

7 

August 

15 

0 

0 

15 

September 

5 

0 

0 

5 

Results  and  Discussion 

Testicular  histology  was  similar  to  that  reported  by  Goldberg  & 
Parker  (1975)  for  two  colubrid  snakes,  Masticophis  taeniatus  and 
Pituophis  catenifer  (=  P.  melanoleucus) .  In  the  regressed  testes, 
seminiferous  tubules  contained  spermatogonia  and  Sertoli  cells.  In 
recrudescence,  there  was  renewal  of  spermatogenic  cells  characterized 
by  spermatogonial  divisions;  primary  and  secondary  spermatocytes  were 
typically  present.  A  few  spermatids  were  occasionally  seen.  In 
spermiogenesis,  metamorphosing  spermatids  and  mature  sperm  were 
present.  Males  undergoing  spermiogenesis  were  found  April-September; 
one  male  with  a  regressed  testis  was  from  March.  Testes  in  recru¬ 
descence  were  found  in  February  (one),  April  (two)  and  May  (two) 
(Table  1).  The  smallest  spermiogenic  male  measured  237  mm  SVL, 
other  males  close  to  this  size  that  were  undergoing  spermiogenesis 
measured  246,  253,  262,  270,  272,  273,  274,  275,  279  mm.  Two 
males  smaller  than  237  mm  SVL  were  examined.  One  male  measured 
231  mm  SVL  (UAZ  48182,  Mojave  County,  8  April)  and  had  no  sperm 
in  the  vas  deferens;  testes  were  not  available.  Another  measured  230 
mm  SVL  (UAZ  36794,  Pinal  County,  25  June)  and  had  very  small  testes 
that  were  not  sectioned.  These  were  not  included  in  the  study  to  avoid 
including  immature  males  in  analysis  of  the  testicular  cycle.  There  is 
likely  some  variation  between  different  geographic  locations  in  the 
minimum  sizes  at  which  males  begin  reproductive  activity.  Vasa  defer- 
entia  of  45/45  (100%)  of  the  following  H.  torquata  males  contained 
sperm:  April  (3);  May  (9);  June  (14);  July  (7);  August  (8);  September 
(4).  The  kidney  sexual  segments  were  enlarged  and  contained  secretory 
granules  in  53/55  (96%)  of  the  following  H.  torquata  males:  February 
1/1  (100%);  April  6/6  (100%);  May  1 1/12  (92%);  June  12/12  (100%); 
July  6/6  (100%);  August  14/15  (93%);  September  3/3  (100%).  En- 
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larged  kidney  sexual  segments  typically  coincide  with  breeding  (Saint 
Girons  1982). 

Because  sample  sizes  from  February-March  consisted  of  only  two 
males  (Table  1)  it  is  not  possible  to  characterize  the  H.  torquata 
testicular  cycle  early  in  the  year.  However,  since  the  only  male  with  a 
regressed  testis  was  from  March  and  males  with  testes  in  recrudescence 
were  from  February,  April  and  May,  it  is  possible  that  regression  occurs 
in  winter  and  recrudescence  occurs  in  early  spring  in  the  H.  torquata 
testicular  cycle.  Examination  of  additional  H.  torquata  males  will  be 
needed  to  verify  this.  Nevertheless,  the  continuous  period  of  spermio- 
genesis  (sperm  production)  lasting  six  months  (April-September)  and 
encompassing  spring,  summer  and  autumn  is  indeed  striking.  The 
prolonged,  continuous  testicular  cycle  of  H.  torquata  appears  to  fit  the 
testicular  portion  of  the  "polyestrous  with  seasonal  reproduction"  B 
pattern  of  Saint  Girons  (1982)  which  is  found  in  snakes  from  tropical 
regions  (Saint  Girons  1982).  Since  Hypsiglena  is  thought  to  have  arisen 
within  a  neotropical  clade  of  snakes  (see  Rodriguez-Robles  et  al.  1999), 
it  is  not  surprising  to  see  aspects  of  its  reproductive  cycle  consistent 
with  that  of  a  "tropical"  snake. 

In  the  only  other  examination  of  the  H.  torquata  testicular  cycle, 
Diller  &  Wallace  (1986)  reported  sperm  in  the  vasa  deferentia  of  Idaho 
males  from  April  to  September  (similar  to  Arizona).  However,  since 
a  histological  analysis  of  the  testes  was  not  done,  the  duration  of  H. 
torquata  spermiogenesis  in  Idaho  is  not  known.  Diller  &  Wallace 
(1986)  reported  that  enlarged  testes  in  summer  suggested  spermio¬ 
genesis  occurred  in  mid-summer  which  would  mean  H.  torquata  has  an 
aestival  testicular  cycle  in  Idaho  (sensu  Saint  Girons  1982).  Sexual 
segments  of  the  kidneys  were  largest  in  males  collected  in  spring  and 
decreased  during  summer  (Diller  &  Wallace  1986).  The  extent  of 
geographic  variation  in  the  testicular  cycle  of  H.  torquata  remains  to  be 
determined. 

Body  sizes  of  females  were  significantly  larger  than  males,  t  =  8.7, 
107  df,  P  <  0.0001.  This  was  also  found  to  be  the  case  for  H. 
torquata  in  Idaho  (Diller  &  Wallace  1986).  Females  with  enlarged 
follicles  or  oviductal  eggs  were  found  April-August  in  Arizona  (Table 
2).  The  smallest  reproductively  active  H.  torquata  female  (enlarged 
follicles  >  12  mm  length)  measured  310  mm  SVL.  Two  females  exam¬ 
ined  from  the  period  of  reproductive  activity  (March-August,  Table  2) 
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Table  2.  Monthly  distribution  of  conditions  in  seasonal  ovarian  cycle  of  Hypsiglena  torquata 
from  examination  of  museum  specimens.  Values  shown  are  the  numbers  of  females 
exhibiting  each  of  the  four  conditions. 


Month 

n 

No  yolk 
deposition 

Early  yolk 
deposition 

Enlarged  follicles 
>  12  mm  length 

Oviductal 

eggs 

February 

3 

3 

0 

0 

0 

March 

4 

3 

1 

0 

0 

April 

7 

6 

0 

0 

1 

May 

5* 

1 

0 

3 

0 

June 

2 

1 

0 

0 

1 

July 

6 

4 

0 

2 

0 

August 

8 

6 

1 

1 

0 

September 

6 

6 

0 

0 

0 

October 

1 

1 

0 

0 

0 

*  Includes  one  damaged  road-killed  female  (UAZ  50799)  with  yolk  in  ovaries; 
distinguishing  between  enlarged  follicles  or  oviductal  eggs  was  not  possible. 


were  smaller  than  310  mm  SVL  and  showed  no  evidence  of  yolk  deposi¬ 
tion.  These  were  not  included  in  the  study  to  avoid  including  immature 
females  in  analysis  of  the  female  reproductive  cycle  (ASU  28412,  SVL 
=  256  mm,  Pima  County,  9  June;  LACM  64312,  SVL  =  235,  Pima 
County,  4  August).  As  was  the  case  for  males,  the  minimum  size  at 
which  females  begin  reproductive  activity  likely  varies  between  different 
locations.  Their  was  no  suggestion  that  H.  torquata  produces  more  than 
one  clutch  of  eggs  in  a  reproductive  season  (oviductal  eggs  and  second¬ 
ary  yolk  deposition  in  progress)  although  Vitt  (1975)  suggested  this 
might  be  possible  in  Arizona  if  conditions  were  favorable.  Since  the 
smallest  reproductively  active  male  H.  torquata  measured  237  mm  SVL, 
it  is  possible  males  reach  sexual  maturity  at  an  earlier  age  than  females. 
Similarly,  in  Idaho,  H.  torquata  males  reach  sexual  maturity  at  a  smaller 
size  (29  cm  SVL),  than  females  which  approximated  40  cm  SVL  at 
sexual  maturity  (Diller  &  Wallace  1986). 

Mean  clutch  size  for  nine  H.  torquata  females  from  Arizona  was  3.2 
±  1.5  SD ,  range  =  2-6  (Table  3).  This  is  within  the  range  of  2-9 
reported  by  Stebbins  (1985)  and  Lowe  et  al.  (1986).  There  are  a  variety 
of  individual  clutch  sizes  for  H.  torquata  in  the  literature  from  different 
parts  of  its  extensive  geographic  range.  These  include:  four  from 
Kansas  (Hibbard  1937);  nine  from  Utah  (Tanner  1944);  six  from 
Oklahoma  (Dundee  1950);  four  from  Texas  (Werler  1951);  four  from 
Kansas,  six  from  Oklahoma  and  four  from  Texas  (Stebbins  1954);  four 
from  Arizona  (Gates  1957);  three  from  Arizona  (Clark  &  Lieb  1973); 
three  from  Arizona  (Vitt  1975);  nine  from  Sonora,  Mexico  (Tanner  & 
Ottley  1981);  three,  four,  seven  from  Idaho  (Diller  &  Wallace  1986). 
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Table  3.  Clutch  sizes  for  9  Hypsiglena  torquata  from  Arizona  (estimated  from  counts  of 
yolked  follicles  >  12  mm  length  or  oviductal  eggs). 


Date 

SVL 

Clutch  size 

County 

Source 

2  April 

342 

2* 

LaPaz 

1  ACM  13830t 

2  May 

323 

4 

Maricopa 

ASU  27451 

23  May 

310 

3 

Pima 

UAZ  50800 

30  May 

395 

5 

Pima 

UAZ  25003 

13  June 

411 

6* 

Pima 

LACM  63455 

4  July 

362 

2 

Maricopa 

ASU  895 

10  July 

332 

2 

Cochise 

ASU  30252 

9  August 

315 

2 

Pima 

UAZ  25021 

15  August 

391 

3 

Maricopa 

Vitt  (1975) 

*  Oviductal  eggs,  others  are  enlarged  follicles  except  Vitt  (1975)  collected  15  August  laid 
3  eggs  1  September. 


Clark  &  Lieb  (1973)  used  the  single  values  of  Hibbard  (1937),  Dundee 
(1950),  Werler  (1950)  and  Gates  (1957),  added  seven  of  their  own 
values  and  reported  a  mean  clutch  value  of  3.6  +  0.3  SE ,  range  =  2-6 
for  eleven  H.  torquata  clutches  from  various  localities. 

The  amount  of  geographic  variation  in  clutch  sizes  over  the  range  of 
H.  torquata  remains  to  be  determined.  Regression  analysis  revealed  the 
correlation  between  log  body  size  (snout- vent  length)  and  log  clutch  size 
for  the  nine  females  in  Table  3  was  not  significant  (r  =  0.49,  P  = 
0.10).  This  may  reflect  the  snakes  being  collected  in  different  years 
(with  varying  food  supplies)  and  at  different  times  in  the  reproductive 
season  [in  lizards,  larger  clutches  are  produced  earlier  in  the  season 
(Goldberg  1975)].  There  are  reports  of  H.  torquata  mating  in  May  in 
Texas  and  Colorado  (Tennant  1984;  Hammerson  1999).  Whether  the 
sperm  used  in  these  matings  was  produced  in  the  spring  or  the  fall  and 
stored  over  winter  in  the  vasa  deferentia  is  not  known.  The  production 
of  sperm  and  the  presence  of  sperm  in  the  vas  deferens  during  autumn 
indicate  that  H.  torquata  has  the  potential  of  autumn  mating.  However, 
there  are  no  known  reports  of  this  occurring.  Werler  &  Dixon  (2000) 
discussed  the  possibility  of  H.  torquata  mating  in  either  fall  or  very 
early  spring  which  might  be  needed  because  of  the  early  deposition  of 
eggs  in  April. 

Thirty-six  percent  (10/28)  H.  torquata  females  were  reproductively 
active  (yolk  deposition  or  oviductal  eggs)  during  the  reproductive  period 
(April- August)  (Table  2).  It  is  unlikely  the  one  August  female  with 
early  yolk  deposition  (secondary  yolk  deposition  sensu  Aldridge  1979) 
would  have  produced  an  egg  clutch  during  the  current  reproductive 
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season.  It  is  possible  that  yolk  deposition  may  have  been  completed  the 
following  spring  or  the  follicles  may  have  undergone  atresia.  In  view 
of  the  presence  of  a  female  from  2  April  with  oviductal  eggs  (Table  3), 
it  is  conceivable  that  yolk  deposition  may  need  to  commence  the  pre¬ 
vious  summer  for  it  to  be  completed  in  early  April.  Examination  of 
additional  females  will  be  needed  to  determine  if  this  occurs  in  H. 
torquata. 

While  some  information  on  snake  reproduction  can  be  obtained  by 
examination  of  museum  specimens,  field  studies  will  be  needed  to 
elucidate  other  aspects  of  H.  torquata  reproductive  biology. 
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DIET  OF  THE  CANEBRAKE  RATTLESNAKE 
(CROTALUS  HORRIDUS  A TRICA  UDA TVS) : 

AN  ADDITIONAL  RECORD  AND  REVIEW 
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Lubbock,  Texas  79409-1163 

Abstract. — In  June  1993,  a  radio-tagged  bobwhite  quail  (Colin  us  Virginian  us)  and  a  cotton 
rat  ( Sigmodon  hispidus)  were  recovered  from  the  stomach  of  an  adult  canebrake  rattlesnake 
(Crotalus  horridus  atricaudatus )  in  South  Carolina.  These  data  and  a  review  of  the  literature 
indicate  C.  horridus  atricaudatus  is  a  generalist  predator  that  opportunistically  consumes  a 
wide  variety  of  prey.  The  diet  consists  primarily  of  mammals;  rodents  and  rabbits  are  the 
most  frequently  reported  prey.  Birds  and  reptiles  constitute  a  relatively  minor  portion  of  the 
diet.  Bobwhite  quail  are  the  most  frequently  reported  avian  prey.  There  is  no  evidence  for 
ontogenetic  variation  in  the  diet,  due  to  the  failure  of  previous  workers  to  report  snake  size 
in  relation  to  prey  size. 


Two  subspecies  of  Crotalus  horridus  Linnaeus  are  currently  recog¬ 
nized:  the  timber  rattlesnake,  C.  horridus  horridus  Linnaeus  and  the 
canebrake  rattlesnake,  C.  horridus  atricaudatus  Latreille  (Tennant  & 
Bartlett  2000).  The  canebrake  rattlesnake  inhabits  lowlands  from 
southwestern  Virginia,  along  the  Atlantic  Coastal  Plain  to  northern 
Florida,  westward  to  central  Texas,  and  northward  in  the  Mississippi 
Valley  to  southern  Illinois  (Ernst  1992).  Populations  in  many  regions 
have  declined  due  to  habitat  destruction,  road  mortality  and  direct  human 
persecution  (Mitchell  1994;  Rudolph  &  Burgdorf  1997).  The  ecology 
of  C.  horridus  atricaudatus  remains  poorly  known  (Brown  1993).  In 
particular,  scant  attention  has  been  devoted  to  dietary  studies,  and  the 
few  available  data  are  located  in  widely  scattered  and  often  obscure 
sources.  This  report  provides  an  additional  observation  and  summarizes 
the  existing  information  on  the  food  habits  of  C.  horridus  atricaudatus . 

Methods  and  Study  Site 

On  28  June  1993,  a  female  bobwhite  quail  ( Colinus  virginianus)  and 
a  cotton  rat  ( Sigmodon  hispidus)  were  recovered  from  an  adult  cane¬ 
brake  rattlesnake  (TL  =  129  cm).  The  quail  (mass  =  157  g)  was 
originally  trapped  on  18  March  1993  and  equipped  with  a  radio  trans- 
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mitter  as  part  of  a  three-year  study  on  the  response  of  quail  populations 
to  habitat  modifications  resulting  from  herbicide  treatment  (Hawkes 
1995).  This  work  was  conducted  on  a  400  ha  loblolly  pine  ( Pinus 
taeda)  plantation  approximately  1 1  km  southwest  of  Allendale,  Allendale 
County,  South  Carolina.  The  study  site  was  clearcut  and  burned  in 
1991,  and  loblolly  pine  seedlings  were  planted  in  1992.  Dominant 
vegetation  included  loblolly  pine,  broom  sedge  (. Andropogon  sp.), 
lespedeza  ( Lespedeza  bicolor ),  blackberry  ( Rubus  sp.)  and  numerous 
hardwood  seedlings  and  sprouts  including  oak  ( Quercus  sp.),  sweetgum 
(Liquidambar  styraciflua )  and  sumac  (Rhus  sp.). 

Results  and  Discussion 

The  radio-tagged  quail  was  located  periodically  during  April,  May 
and  June  1993.  On  4  June  the  quail  was  found  incubating  a  clutch  of 
13  eggs,  and  then  apparently  abandoned  the  nest  on  11  June.  While 
attempting  to  relocate  the  quail  on  28  June,  the  bird’s  transmitter  signal 
was  found  emanating  from  a  rattlesnake  coiled  in  a  dense  Rubus  sp. 
thicket.  The  snake  was  collected,  immediately  dissected,  and  the  two 
prey  items  removed.  The  cotton  rat  (TL  including  tail  ca.  14  cm)  was 
undigested.  Digestion  of  the  quail  was  nearly  complete;  only  a  compact 
mass  of  feathers,  an  aluminum  leg  band,  bone  fragments  and  the  trans¬ 
mitter  remained.  A  voucher  photograph  of  the  rattlesnake  (CUSC  1702) 
was  deposited  in  the  Campbell  Museum,  Clemson  University,  Clemson, 
South  Carolina. 

The  quail  was  probably  consumed  between  1 1  (last  day  hen  was  found 
on  nest)  and  16  (first  day  hen  was  found  absent  from  nest)  June.  The 
bird  was  not  monitored  during  the  interim,  but  from  16  June  onward 
there  was  a  notable  decrease  in  the  strength  of  the  telemetry  signal 
(presumably  because  the  transmitter  was  in  the  digestive  tract  of  the 
snake).  At  this  point  the  quail  was  believed  to  be  alive  as  telemetry 
exercises  placed  the  bird  at  slightly  varying  positions  during  successive 
monitoring  periods.  In  hindsight,  it  is  likely  that  snake  movements  were 
being  tracked  rather  than  those  of  a  living  quail.  All  radio-locations 
after  16  June  were  within  50  m  of  where  the  snake  was  collected, 
approximately  85  m  from  the  quail  nest,  and  within  the  foraging  area  of 
the  hen.  It  could  not  be  determined  if  the  hen  was  captured  while  incu¬ 
bating  or  foraging.  Reinert  et  al.  (1984)  describe  the  predatory  behavior 
of  C.  horridus  as  "sit-and-wait."  Assuming  C.  horridus  atricaudatus 
utilizes  a  similar  foraging  strategy,  it  is  likely  the  bird  was  taken  while 
moving  rather  than  sitting  on  the  nest.  Additionally,  observations  on  16 
June  indicate  no  evidence  of  disturbance  at  the  nest  site. 
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A  review  of  the  literature  reveals  records  for  an  additional  82  cane- 
brake  rattlesnakes  and  90  prey  items  (Table  1).  Subspecific  identifica¬ 
tion  of  rattlesnakes  was  given  in  most  accounts;  however,  when  this  was 
not  reported  it  was  assumed  only  C.  horridus  from  coastal  plain  and 
sandhill  regions  were  C.  horridus  atricaudatus  (cf.  Ernst  1992). 
Authors  identified  individual  prey  items  from  the  analyses  of  stomach 
contents  (n  =  84)  and  feces  ( n  =  1),  or  by  direct  observation  of  feeding 
(n  =5).  Accounts  consisted  primarily  of  anecdotal  lists  of  prey  species, 
and  information  on  prey  size  was  rarely  reported.  Therefore,  frequency 
of  occurrence  (%)  was  used  to  assess  the  relative  importance  of  each 
prey  species  (Hyslop  1980). 

The  diet  of  C.  horridus  atricaudatus  consists  largely  of  mammals 
(80.4%).  Rodents  (not  including  tree  squirrels,  Sciurus  sp.)  and  rabbits 
(Sylvilagus  sp.)  are  the  most  frequently  reported  prey  and  together 
constituted  62.0%  of  all  occurrences.  Sigmodon  hispidus  is  the  most 
frequently  reported  small  rodent.  Allen  &  Neill  (1950)  also  list  wood 
rats  ( Neotoma  floridana),  "barn  rats"  ( Rattus  sp.),  white-footed  mice 
( Perornyscus  sp.)  and  pocket  gophers  ( Geornys  pinetis)  among  stomach 
contents,  but  these  unquantified  occurrences  are  not  included  in  Table 
1.  According  to  Reinert  et  al.  (1984),  C.  horridus  is  an  opportunistic 
predator  consuming  small  terrestrial  rodents  in  proportion  to  their 
abundance.  Tree  squirrels  are  taken  infrequently  by  C.  horridus 
atricaudatus ,  and  are  probably  exposed  to  rattlesnake  predation  only 
when  foraging  terrestrially.  A  raccoon  ( Procyon  lotor )  is  the  largest 
mammalian  prey  item  reported  (Martin  &  Wood  1955). 

Birds  comprise  a  relatively  minor  portion  of  the  diet  (13.0%),  and  the 
bobwhite  quail  is  the  most  frequently  consumed  species.  Quail  typically 
walk,  rather  than  fly,  between  foraging,  nesting  and  roosting  sites 
(Rosene  1969),  and  this  behavior  may  render  them  more  susceptible  to 
predation  by  C.  horridus  atricaudatus.  Keeps  (1882)  also  reported 
"several  quail"  in  a  canebrake  rattlesnake,  but  this  unquantified  observa¬ 
tion  was  not  included  in  the  present  analysis.  Additionally,  Allen  & 
Neill  (1950)  found  "small  birds"  and  "field  sparrows"  (Spizella pusillal) 
among  stomach  contents,  but  likewise  failed  to  quantify  their  observa¬ 
tions.  A  clapper  rail  ( Rallus  longirostris )  is  the  largest  avian  prey  item 
reported  (Grant  1970). 

Reptiles  are  the  least  frequently  reported  prey  (6.5%).  The  only 
quantified  observations  are  those  of  Hamilton  &  Pollack  (1955),  who 
recorded  three  species  of  terrestrial  lizards  from  C.  horridus  atricau¬ 
datus  collected  at  a  single  site  in  Georgia.  Allen  &  Neill  (1950)  state 
that  "lizards"  occurred  among  the  stomach  contents  of  juveniles,  but 


Table  1 .  The  number  (/?)  and  frequency  of  occurrence  (%)  of  prey  items  (n  =  92)  identified  from  canebrake  rattlesnake  (n  =  83)  stomach  contents, 
feces  or  feeding  observations. 
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provide  no  farther  information.  According  to  Tennant  (1998),  Scelop- 
orus  undulatus  are  readily  accepted  by  captive  C.  horridus  atricaudatus . 
Juveniles  of  some  North  American  crotalids  reportedly  consume  snakes 
(Mushinsky  1987),  but  there  is  little  evidence  for  ophiophagy  among  C. 
horridus  atricaudatus.  Wright  &  Wright  (1957)  note  that  small  snakes 
are  consumed,  but  provide  no  corroboration.  Some  general  accounts 
(Klauber  1956;  Wright  &  Wright  1957)  include  insects  and  anurans  in 
the  diet,  but  no  substantiated  reports  were  found. 

Evidence  that  mature  snakes  consume  a  different  array  of  prey  species 
than  younger  conspecifics  is  widespread,  and  especially  evident  in  larger 
species  (Mushinsky  1987).  In  general,  the  trend  is  the  larger  the  snake, 
the  larger  the  individual  prey  item  that  can  be  manipulated  and  swal¬ 
lowed  (Mushinsky  1987).  According  to  Allen  &  Neill  (1950)  juvenile 
C.  horridus  atricaudatus  consume  ectothermic  prey  and  small  rodents, 
while  the  adult  diet  consists  principally  of  larger  rodents.  However,  the 
basis  for  their  conclusion  is  not  stated.  Additional  empirical  evidence 
for  ontogenetic  variation  in  the  diet  is  lacking,  and  accounts  rarely 
include  data  on  snake  size  in  relation  to  prey  size.  Because  male  C. 
horridus  atricaudatus  attain  a  larger  body  size  than  females  (Gibbons 
1972),  sexual  differences  in  prey  consumption  may  also  exist.  It  is 
significant  to  note  that  the  largest  reported  prey  item  was  consumed  by 
a  large  (TL=182  cm)  male  rattlesnake  (Martin  &  Wood  1955). 

Conclusions 

In  summary,  the  available  data  indicate  C.  horridus  atricaudatus  is  a 
generalist  predator  that  opportunistically  consumes  a  variety  of  endo¬ 
thermic  and  ectothermic  prey.  Based  on  frequency  of  occurrence,  small 
to  medium-sized  terrestrial  mammals  are  the  most  important  prey,  while 
birds  and  reptiles  constitute  a  relatively  minor  portion  of  the  diet.  The 
paucity  of  data  on  snake  size  in  relation  to  prey  size  precludes  testing 
hypotheses  regarding  ontogenetic  patterns  of  prey  consumption.  Future 
research  should  address  these  questions. 
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STATUS  OF  THE  PARTHENOGENETIC  LIZARDS  OF  THE 
CNEMIDOPHORUS  LAREDOENSIS  COMPLEX  IN  TEXAS: 
RE-SURVEY  AFTER  ELEVEN  YEARS 

Mark  A.  Paulissen,  James  M.  Walker  and  James  E.  Cordes 
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P.O.  Box  1129,  Eunice,  Louisiana  70535 

Abstract. — During  the  1980s,  extensive  field  work  was  conducted  to  clarified  the  distri¬ 
bution  of  the  two  species  (one  undescribed)  of  the  parthenogenetic  Cnemidophorus  laredoen- 
sis  complex  of  lizards.  The  two  species,  designated  LAR-A  and  LAR-B,  were  found  either 
singly  or  together  at  37  sites  in  Texas;  most  of  these  sites  were  also  occupied  by  the  bisexual 
(gonochoristic)  species  Cnemidophorus  gularis.  The  majority  of  these  sites  were  re-surveyed 
from  March  through  May  2000  to  ascertain  what  changes  in  lizard  population  composition 
and  habitat  had  occurred  since  the  last  extensive  survey  ended  in  1989.  The  data  revealed 
three  broad  trends.  First,  sites  in  large  cities  were  often  substantially  altered  or  completely 
destroyed  by  development,  resulting  in  dramatic  decline  or  complete  extirpation  of  lizards. 
Second,  the  bisexual  species  C.  gularis  has  expanded  its  range  into  many  sites  that  previously 
had  been  occupied  only  by  parthenogens.  Third,  while  LAR-A  populations  remained  stable, 
LAR-B  populations  appeared  to  decline  since  the  1980s.  The  prolonged  drought  in  southern 
Texas  during  the  1990s  is  one  possible  explanation  of  this  decline. 


The  Laredo  Striped  Whiptail,  Cnemidophorus  laredoensis  (Sauria: 
Teiidae),  is  a  complex  of  two  all-female  lizard  species  (one  undescribed) 
that  reproduce  by  obligate  parthenogenesis.  The  complex  is  found  in  the 
Rio  Grande  valley  of  Texas  and  Mexico  from  Del  Rio/Ciudad  Acuna 
southeastward  to  the  Brownsville/Matamoros  area  and  in  a  few  outlying 
areas  in  Dimmit,  LaSalle  and  Starr  counties  (Walker  1987a;  1987b; 
Walker  et  al.  1990).  The  two  species  are  provisionally  designated  C. 
laredoensis  A,  or  LAR-A  (the  form  of  C.  laredoensis  originally 
described  by  McKinney  et  al.  1973)  and  C.  laredoensis  B,  or  LAR-B, 
following  Walker  (1986);  see  Paulissen  &  Walker  (1998)  for  a  discus¬ 
sion  of  nomenclatural  issues.  Like  all  parthenogenetic  Cnemidophorus , 
LAR-A  and  LAR-B  originated  from  hybrids  between  bisexual  (gono¬ 
choristic)  species,  in  this  case  between  the  Texas  spotted  whiptail,  C. 
gularis ,  and  the  six- lined  racerunner,  C.  sexlineatus  (cf.  Bickham  et  al. 
1976;  Wright  et  al.  1983;  Parker  et  al.  1989;  Abuhteba  et  al.  2000). 
Histocompatibility  studies  indicate  LAR-A  and  LAR-B  arose  indepen¬ 
dently  from  separate  hybridization  events  (Abuhteba  et  al.  2001). 
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The  first  specimens  of  C.  laredoensis  (  =  LAR-A)  were  collected  from 
two  sites  approximately  one  mile  apart  within  the  city  of  Laredo  in  1970 
and  1971  (McKinney  et  al.  1973).  No  new  information  on  the  distribu¬ 
tion  of  C.  laredoensis  was  discovered  until  1983.  Between  1983  and 
1989,  a  series  of  field  trips  were  made  to  the  Rio  Grande  valley  of 
Texas  and  Mexico.  This  extensive  field  survey  resulted  in  the  discovery 
of  a  second  parthenogenetic  species,  LAR-B,  and  elucidation  of  the 
geographic  range  of  both  LAR-A  and  LAR-B  in  Texas  and  Mexico 
(Walker  1987a;  1987b;  Walker  et  al.  1990;  Paulissen  &  Walker  1998). 
In  Texas,  LAR-A  has  been  recorded  from  29  sites  in  Dimmit,  Webb, 
LaSalle,  Zapata,  Starr  and  Hidalgo  counties  (Walker  1987a;  Walker  et 
al.  1990),  and  LAR-B  has  been  recorded  from  17  sites  in  Val  Verde, 
Maverick,  Webb,  Starr,  Hidalgo  and  Cameron  counties  (Walker  1987b; 
Walker  et  al.  1990).  The  parthenogens  have  been  found  together  at 
several  sites  in  Starr,  Hidalgo  and  Webb  counties.  Both  LAR-A  and 
LAR-B  are  found  only  in  habitats  with  some  form  of  disturbance,  such 
as  grazing  or  heavily  used  dirt  roads,  which  produce  large  expanses  of 
bare  ground  interspersed  with  bunchgrasses  and  weeds.  The  gonochoris- 
tic  species  C.  gularis  occurs  at  most  sites  occupied  by  one  or  both 
parthenogens. 

There  are  several  reasons  to  suspect  that  the  collection  sites  and  lizard 
populations  that  were  studied  in  the  1980s  have  undergone  dramatic 
changes  in  the  eleven  years  since  these  sites  were  last  studied.  First,  a 
lengthy  field  study  conducted  in  Bentsen-Rio  Grande  Valley  State  Park 
in  the  1990s  showed  that  the  whiptail  lizard  community  changed  drama¬ 
tically  since  the  Park  was  initially  surveyed.  In  the  1980s,  LAR-B  was 
extremely  abundant;  LAR-A  was  rare,  and  C.  gularis  was  completely 
absent,  but  by  the  middle  1990s,  LAR-A  was  abundant,  LAR-B  was 
uncommon,  and  C.  gularis  had  become  established  in  low  numbers 
(Walker  et  al.  1996).  Second,  many  of  the  sites  at  which  LAR-A, 
LAR-B  or  both  had  been  found  in  the  1980s  were  within  or  near  towns 
where  catastrophic  disturbance  or  destruction  of  a  site  by  urban 
development  was  likely  to  occur.  A  few  cases  of  this  have  already  been 
documented  in  the  cities  of  Eagle  Pass  (Maverick  County)  and  Laredo 
(Webb  County)  (Walker  1987c;  Walker  et  al.  1990).  Third,  southern 
Texas  has  suffered  a  drought  in  the  1990s,  with  lower  than  average 
rainfall  most  years  during  the  decade.  It  is  well  known  that  drought  can 
negatively  impact  lizard  populations  (Ballinger  1977;  Pianka  1986; 
Anderson  1994),  including  LAR-A  (Paulissen  1999). 
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Although  a  few  field  studies  of  lizard  populations  have  been  con¬ 
ducted  in  the  Rio  Grande  valley  in  the  1990s,  these  studies  have  focused 
on  only  a  few  sites  such  as  Bentsen-Rio  Grande  Valley  State  Park  in 
Hidalgo  County  (Paulissen  1994;  1995;  1997;  1999;  2001),  and  Mines 
Road  in  Webb  County  (Walker  et  al.  2001).  In  the  spring  of  2000,  a 
study  of  the  genetic  variation  of  LAR-A  and  LAR-B  throughout  their 
geographic  ranges  was  begun,  necessitating  the  collection  of  lizards  from 
numerous  sites  to  obtain  tissue  samples  for  analysis.  This  presented  an 
opportunity  to  re-survey  most  of  the  sites  in  Texas  at  which  LAR-A, 
LAR-B,  or  both  had  been  recorded  in  the  1980s.  This  paper  reports  the 
results  of  this  re-survey,  in  particular  information  on  whether  or  not  the 
site  still  exists,  what  major  changes  in  vegetation  and  whiptail  lizard 
communities  have  occurred. 

Materials  and  Methods 

To  facilitate  reporting  results  of  the  1980s  survey,  a  system  of  site 
codes  was  devised  which  was  comprised  of  the  first  letter  of  the  county 
in  which  the  site  was  located  plus  a  site  number.  For  example,  Bentsen- 
Rio  Grande  Valley  State  Park  in  Hidalgo  County  is  site  H-3;  Mines 
Road  in  Webb  County  is  site  W-15.  These  codes  were  first  published 
in  Walker  (1987a;  1987b)  and  Walker  et  al.  (1990)  and  are  used  again 
in  this  paper.  Sites  at  which  either  LAR-A,  LAR-B  or  both  had  been 
found  previously  were  visited  at  least  once  between  March  13  and  May 
24,  2000.  Data  from  several  collecting  trips  made  during  the  1990s  are 
also  included  where  appropriate.  All  surveys  were  conducted  when  the 
weather  was  at  least  partly  sunny  and  the  air  temperature  was  between 
22  and  40°C. 

Notes  on  site  size,  vegetation  and  general  appearance  with  reference 
to  lizard  habitat  requirements  were  taken  following  the  terminology  of 
Walker  (1987a;  1987b).  An  attempt  was  made  to  ascertain  which 
species  of  lizards  were  present  at  each  site  via  visual  observation  of 
active  lizards  in  combination  with  capture  of  live  lizards  via  noosing. 
Voucher  specimens  were  kept  to  document  new  or  unusual  records  or 
when  field  identification  of  specimens  was  uncertain.  These  specimens 
are  deposited  with  the  holdings  of  the  University  of  Arkansas  Depart¬ 
ment  of  Zoology  (UADZ).  Unfortunately,  poor  weather,  especially 
cloudy  skies  and  cool  temperatures,  prevented  lizards  from  being  active 
at  some  sites  at  the  time  the  sites  were  visited.  If  these  sites  could  not 
be  visited  again,  an  assessment  of  the  potential  of  the  site  to  support 
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lizards  was  made  based  on  overall  habitat  characteristics  plus  tangible 
signs  of  lizard  presence  such  as  tracks,  dried  scat,  and  burrow  entrances. 
In  a  few  cases,  it  was  not  possible  to  find  the  exact  location  of  a  site 
listed  in  Walker  (1987a;  1987b).  When  this  occurred,  one  or  two  sites 
in  the  immediate  area  where  the  "missing"  site  was  located  were  sur¬ 
veyed  for  lizards.  These  alternate  sites  were  chosen  on  the  basis  of 
habitat  and  soil  characteristics,  specifically  sites  with  sandy  or  sandy- 
loamy  soil  with  patches  of  bunchgrass  and  weeds  adjacent  to  or  mixed 
with  mesquite  forest  close  (<  5  km)  to  the  Rio  Grande.  To  facilitate 
comparison  to  earlier  work,  this  study  followed  Walker  (1987b)  in 
dividing  the  Rio  Grande  valley  into  three  sections:  (1)  upper  Rio  Grande 
Valley  (URGV):Val  Verde,  Kinney,  Maverick  and  northwestern  Webb 
counties;  (2)  middle  Rio  Grande  Valley  (MRGV):  the  remainder  of 
Webb  County  (including  the  city  of  Laredo),  Zapata,  Dimmit,  LaSalle 
and  Starr  counties  west  of  Rio  Grande  City;  and  (3)  lower  Rio  Grande 
Valley  (LRGV):  the  remainder  of  Starr  County  (including  Rio  Grande 
City),  Hidalgo  and  Cameron  counties. 

Results 

A  summary  of  the  habitat  characteristics  and  lizard  populations  at 
each  site  visited  in  Spring  2000  is  presented  in  Table  1.  The  table  also 
includes  a  summary  of  site  characteristics  in  the  1980s  as  reported  by 
Walker  (1987a;  1987b)  and  Walker  et  al.  (1990). 

Upper  Rio  Grande  Valley  (URGV).— VAL  VERDE  COUNTY:  Two 
sites  at  which  LAR-B  had  been  found  in  the  1980s  were  visited.  The 
first  was  V-10  located  0.8  km  N  of  the  international  bridge  on  the  west 
side  of  U.S.  Hwy.  277S/State  Hwy.  239.  This  site  no  longer  has 
suitable  lizard  habitat:  the  bunchgrass,  weed,  thorn  forest  association 
reported  in  Walker  (1987b)  has  been  replaced  by  small  businesses,  dirt 
parking  lots  and  driveways.  A  new  site  discovered  near  the  Rio  Grande 
approximately  0.4  km  W  of  the  intersection  of  Garza  and  Las  Vacas 
Roads  appeared  to  have  suitable  habitat,  consisting  of  bunchgrass  and 
weeds  along  several  small  dirt  roads  near  a  moderately  disturbed 
mesquite  forest.  However  a  search  of  this  site  on  April  6  found  only 
large  numbers  of  the  bisexual  species  C.  gularis.  The  second  site  was 
V-13,  located  10.8  km  SW  of  Twin  Lakes  Duckpond  on  Cienegas  Rd. 
paralleling  the  Rio  Grande  (this  site  was  listed  as  being  NW  of  the 
junction  of  Spur  239  and  US  Hwy  90/277  by  Walker  et  al.  1990).  This 
site  consists  of  bunchgrasses  and  weeds  along  the  side  of  two  dirt  roads 
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running  parallel  to  each  other  between  the  Rio  Grande  and  a  railroad 
track.  The  whole  site  is  adjacent  to  Chihuahuan  desert  vegetation  that 
slopes  up  on  a  hillside  on  the  north  side  of  the  railroad  tracks.  This  is 
essentially  unchanged  from  the  way  the  site  was  described  in  Walker  et 
al.  (1990).  Three  surveys  of  the  site  yielded  sightings  of  about  90  C. 
gularis  and  three  LAR-B,  one  of  which  was  kept  as  a  voucher  (UADZ 
6867). 

MAVERICK  COUNTY:  Walker  (1987b)  listed  two  sites  in  the  city  of 
Eagle  Pass  from  which  LAR-B  had  been  collected:  M-2  just  N  of  the 
international  bridge,  and  M-3  located  1.6  km  S  of  the  traffic  signal 
nearest  the  bridge  between  a  city  park  and  the  Rio  Grande.  Walker  et 
al.  (1990)  reported  that  M-2  had  been  bulldozed  and  that  M-3  had  been 
bulldozed  and  burned  in  1988.  Visits  to  these  sites  on  April  8  revealed 
that  M-2  was  now  a  series  of  soccer  fields  with  mown  grass  surrounded 
by  dirt  roads  lined  by  a  few  small  patches  of  bunchgrass  and  weeds. 
The  second  site,  M-3  has  been  replaced  by  facilities  surrounding  a  newly 
constructed  international  bridge  to  the  south  and  part  of  a  golf  course  to 
the  north;  only  a  few  small  patches  of  bunchgrass  by  some  abandoned 
roads  remains.  Since  neither  Eagle  Pass  site  has  suitable  habitat  left,  it 
is  almost  certain  that  LAR-B  has  been  extirpated  from  these  sites. 

Walker  (1987b)  reported  seeing  LAR-B  and  C.  gularis  at  a  third  site 
in  Maverick  county,  M-4,  located  between  the  small  town  of  El  Indio 
and  the  Rio  Grande  about  30  km  S  of  Eagle  Pass.  This  site  is  on 
private  land,  but  the  senior  author  was  permitted  access  for  40  minutes 
on  April  9.  The  site  appeared  unchanged  from  the  bunchgrass/ weed/ 
mesquite  habitats  lining  dirt  roads  next  to  the  Rio  Grande  described  by 
Walker  (1987b).  Unfortunately,  the  weather  was  mostly  cloudy  and 
cool  (20 °C)  during  the  visit  so  any  lizards  that  existed  there  were  not 
active.  The  presence  of  dried  lizard  scat,  obvious  burrow  entrances,  and 
suitable  habitat  strongly  suggest  whiptail  lizards  are  common  at  M-4, 
though  it  is  not  known  if  they  are  LAR-B,  C.  gularis  or  both  (Table  1). 

WEBB  COUNTY:  The  one  URGV  site  in  Webb  county  is  W-15, 
Mines  Road.  The  day  this  site  was  visited,  the  weather  was  mostly 
cloudy  and  cool  with  occasional  light  sprinkles  so  very  few  lizards  were 
seen,  although  five  C.  gularis  and  one  LAR-B  were  identified.  How¬ 
ever,  this  site  has  been  visited  many  times  in  the  1980s  and  1990s 
producing  a  wealth  of  data  on  the  distributional  ecology  of  LAR-A, 
LAR-B,  C.  gularis  and  C.  sexlineatus  (cf.  Walker  et  al.  1990;  2001). 
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Middle  Rio  Grande  Valley  (MRGV).-WEBB  COUNTY:  Walker 
(1987a)  reported  eight  sites  within  the  city  of  Laredo  from  which  LAR-A 
had  been  collected;  two  of  these  were  the  sites  from  which  the  original 
series  used  to  describe  Cnemidophorus  laredoensis  was  collected 
(McKinney  et  al.  1973).  All  eight  sites  were  re-surveyed  in  this  study. 
The  first  site,  W-l,  the  type  locality  of  LAR-A  (  =  C.  laredoensis),  is 
located  where  U.S.  Hwy.  83  crosses  Chacon  Creek  on  the  south  side  of 
the  city.  A  chain  link  fence  now  restricts  access  to  most  of  the  site,  and 
the  vegetation  has  changed  from  the  bunchgrass/Russian  thistle/mesquite 
habitat  reported  in  Walker  (1987a)  to  a  degraded  mesquite  forest  with 
scattered  weeds  and  dense  grass  along  the  edge  of  the  creek.  Two  visits 
to  W-l  resulted  in  sighting  of  12  individuals  of  C.  gularis,  one  of  which 
was  kept  as  a  voucher  (UADZ  6864)  but  only  one  LAR-A.  The  finding 
that  C.  gularis  is  much  more  abundant  at  W-l  than  LAR-A  is  surprising 
since  no  C.  gularis  were  seen  or  collected  there  in  the  1980s.  Site  W-2 
is  located  on  the  south  bank  of  Chacon  Creek  just  N  of  the  end  of 
Arkansas  Avenue  (across  U.S.  Hwy.  83  from  W-l).  In  the  1980s,  the 
vegetation  here  consisted  of  dense  bunchgrass  along  the  edges  of  paths, 
dirt  roads,  and  the  bank  of  Chacon  Creek  with  a  few  mesquite  trees  and 
a  large  amount  of  cactus  near  the  creek  (Walker  1987a).  The  only 
change  is  that  there  is  now  much  less  cactus  and  more  weeds.  A  brief 
visit  resulted  in  sighting  of  one  LAR-A  and  one  C.  gularis;  this  is  similar 
to  what  was  reported  for  W-2  in  the  1980s  (Table  1). 

Site  W-3,  located  2  km  S  of  Chacon  Creek  on  the  E  side  of  U.S. 
Hwy.  83  at  Saltillo  St.,  was  studied  extensively  in  the  1980s.  In  1983, 
the  site  was  an  isolated  patch  of  degraded  thorn  shrub  habitat  supporting 
only  LAR-A.  The  site  was  bulldozed  in  May  1984  and  only  a  few 
lizards  were  found  there  in  June  1984.  By  July  1985,  a  thick  growth  of 
grasses  and  weeds  had  developed  and  LAR-A  were  abundant  (Walker 
1987c).  However,  by  1989,  Saltillo  St.  was  the  center  of  a  new  sub¬ 
division  with  recently  built  homes  (Walker  et  al.  1990).  A  visit  to  W-3 
on  March  21  showed  subdivision  development  had  been  completed:  all 
streets  (including  Saltillo  St.)  had  been  paved  and  lawns  and  gardens 
surrounded  all  the  houses  leaving  no  habitat  for  whiptail  lizards.  Site 
W-4,  located  across  U.S.  Hwy.  83  from  W-3,  is  still  present,  though 
much  changed  from  the  1980s  (Table  1).  Walker  (1987a)  reported  this 
site  shifted  from  a  bunchgrass/mesquite  habitat  to  a  bunchgrass/sun- 
flower/mesquite  habitat  between  1983  and  1984.  Two  visits  to  W-4 
revealed  the  site  now  consists  of  low-growing  ( <  20  cm)  grass  along  the 
edges  of  dirt  roads  and  that  the  whole  site  is  surrounded  by  dense 
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mesquite  and  thorn  shrub  forest  (part  of  which  extends  to  the  Rio 
Grande  approximately  1.5  km  to  the  east).  Only  two  LAR-A  were  seen, 
but  over  a  dozen  C.  gularis  were  seen  including  one  kept  as  a  voucher 
(UADZ  6865).  The  presence  and  numerical  superiority  of  C.  gularis  at 
this  site  is  a  significant  change  from  what  was  observed  in  the  1980s. 

Site  W-5  is  located  2.2  km  S  of  Chacon  Creek  on  the  E  side  of  U.S. 
Hwy.  83.  When  first  surveyed  in  1984,  it  was  a  vegetationally  complex 
thorn  shrub  habitat  with  large  patches  of  bunchgrass  and  cactus  (Walker 
1987a).  By  July  1985  however,  the  entire  site  had  been  bulldozed  and 
supported  only  dense  thickets  of  bunchgrass,  weeds  and  Russian  thistle 
(Walker  1987a;  Walker  et  al.  1990).  Even  in  this  highly  altered  state, 
site  W-5  still  supported  LAR-A,  primarily  in  the  narrow  zone  where 
thistles  and  weeds  grew  at  the  side  of  the  road.  A  visit  to  the  site  on 
March  21  showed  that  even  the  thistle-weed  habitat  is  gone;  the  entire 
site  is  now  a  city  park  with  tennis  courts  and  mowed  fields,  habitats  not 
suitable  for  lizards.  The  situation  is  different  at  W-6,  located  about  500 
m  S  of  W-5  (approximately  2.6  km  S  of  Chacon  Creek  on  the  E  side  of 
U.S.  Hwy.  83  near  Norton  St.).  This  site  consists  of  a  series  of  dirt 
paths  and  gulleys  supporting  numerous  patches  of  bunchgrass,  some 
prickly  pear  cactus,  and  many  mesquite  trees.  This  is  essentially  the 
same  habitat  present  at  W-6  when  it  was  first  visited  in  1984,  but  is  an 
obvious  change,  due  to  ecological  succession,  from  the  bunchgrass/ 
weed/Russian  thistle  habitat  that  existed  at  W-6  in  1985  (Walker  1987a). 
Both  LAR-A  and  C.  gularis  were  common  at  W-6;  just  as  was  the  case 
when  the  site  was  surveyed  in  the  1980s. 

Site  W-7,  located  between  U.S.  Hwy  83  and  Lake  Casa  Blanca  Dam 
at  Chacon  Creek,  was  an  abandoned  drive-in  theater  parking  lot  with 
scattered  small  patches  of  soil  and  weeds  surrounded  on  three  sides  by 
bunchgrass/mesquite/thorn  shrub  habitat  in  1984  (Walker  1987a;  Walker 
&  Cordes,  1990).  This  site  supported  both  LAR-A  and  C.  gularis  at  that 
time.  In  1988,  the  site  was  bulldozed,  completely  eliminating  the  habitat 
and  all  the  lizards  in  it  (Walker  et  al.  1990).  However,  visits  to  W-7  in 
2000  revealed  that  LAR-A  was  present,  though  not  abundant,  along  small 
trails  through  clumps  of  bunchgrass  and  weeds  on  the  S  side  of  Chacon 
Creek.  No  C.  gularis  were  seen  at  the  site,  though  it  may  be  present  in 
a  large  tract  of  thorn  shrub  habitat  on  the  south  side  of  U.S.  Hwy.  59 
about  200  m  south  of  Chacon  Creek. 

The  final  site  in  Laredo,  W-8,  is  located  at  the  west  end  of  Masterson 
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St.  at  the  Rio  Grande  approximately  4.5  km  S  of  Chacon  Creek.  In 
1984,  the  vegetation  at  W-8  consisted  of  bunchgrass,  weeds  and  clema¬ 
tis.  When  visited  on  April  11,  the  bunchgrass  was  still  abundant  along 
dirt  roads  in  the  area,  but  large  mesquite  trees  had  grown  along  the 
river.  Only  a  perfunctory  search  was  made  at  this  site  because  of 
warnings  from  passing  U.S.  Border  Patrol  agents  that  the  site  was  a 
dangerous  smuggling  zone.  The  presence  of  lizard  burrows  and  "tail 
drag"  impressions  in  the  soil  indicate  whiptail  lizards  are  present  at  this 
site,  though  it  is  not  known  what  species  exist  there.  Both  LAR-A  and 
C.  gularis  were  present  at  the  site  in  the  1980s  (Table  1). 

ZAPATA  COUNTY:  There  are  only  three  sites  in  Zapata  county  from 
which  LAR-A  has  been  recorded,  one  of  which,  Z-2  within  the  city  of 
Zapata,  was  not  visited.  Site  Z-l  is  located  between  a  Texas  roadside 
park  and  the  Rio  Grande  on  U.S.  Hwy.  83  4.8  km  N  of  San  Ygnacio. 
In  1984,  the  site  was  a  bunchgrass-Russian  thistle  habitat  within  a 
degraded  thorn  shrub  forest;  both  LAR-A  and  C.  gularis  were  collected 
there  (Walker  1987a).  By  March  2000,  the  habitat  had  changed  drama¬ 
tically:  there  was  very  little  grass  left,  and  what  was  present  was  dead, 
leaving  only  woody  shrubs.  This  habitat  is  suitable  for  C.  gularis ,  but 
not  for  LAR-A,  so  it  is  unlikely  that  the  parthenogen  population  still 
exists  at  Z-l.  Unfortunately,  no  lizards  were  observed  during  the  brief 
stop  at  Z-l  so  this  speculation  is  unconfirmed. 

Site  Z-3  is  located  on  the  shore  of  Falcon  Reservoir  at  the  end  of  FM 
496  about  5  km  SW  of  U.S.  Flwy.  83.  In  1987,  the  habitat  consisted 
of  grass  and  weeds  surrounded  by  thorn  shrub  habitat;  both  LAR-A  and 
C.  gularis  were  found  there  (Walker  et  al.  1990).  By  May  2000  the 
thorn  shrub  habitat  had  expanded  to  near  the  shore  of  the  lake  but  there 
was  still  some  grass  along  the  dirt  road  to  the  lake  and  in  between  the 
trees.  Three  LAR-A  but  no  C.  gularis  were  seen.  It  is  probable  that  C. 
gularis  is  still  in  the  area,  perhaps  further  back  into  the  thorn  shrub,  but 
none  were  located  because  the  grassy  areas  by  the  side  of  the  dirt  roads 
received  the  most  attention. 

STARR  COUNTY:  The  part  of  Starr  County  that  lies  in  the  MRGV 
extends  from  the  Zapata  County  line  to  just  west  of  Rio  Grande  City 
(Walker  1987b).  There  are  three  MRGV  sites  in  Starr  County,  one  of 
which,  S-2,  was  visited  twice  during  this  study  (Table  1).  This  site  is 
located  along  an  unsurfaced  road  running  south  from  the  corner  of  River 
and  Ebano  streets  in  the  small  town  of  Fronton.  The  vegetation  is 
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essentially  the  same  moderately  degraded  bunchgrass/cactus/mesquite 
habitat  reported  to  be  present  at  S-2  in  the  1980s  (Table  1).  A  total  of 
32  LAR-A  and  36  C.  gularis  were  seen  in  the  two  visits  combined 
suggesting  these  two  species  are  very  common  at  S-2  and  are  about 
equally  abundant. 

LASALLE  COUNTY:  There  are  two  sites  in  LaSalle  County  from 
which  LAR-A  had  been  reported.  One  of  these,  L-2,  located  at  the 
junction  of  1-35  and  FM  133  on  the  west  side  of  the  interstate  highway 
at  Artesia  Wells,  was  visited  briefly  on  March  20.  This  site  is  a 
degraded  bunchgrass/weed/mesquite/thorn  shrub  habitat  along  sandy 
roads  and  is  essentially  unchanged  from  the  habitat  found  there  in  the 
1980s  (Table  1).  No  lizards  were  seen  during  the  visit,  perhaps  due  to 
the  time  of  day.  Several  C.  gularis  and  one  LAR-A  were  collected  at 
L-2  on  September  7,  1996  and  four  LAR-A  were  collected  at  L-2  on 
August  3 1 ,  1997.  This  suggests  the  population  of  LAR-A  and  C.  gularis 
remained  intact  at  L-2  through  the  1990s. 

DIMMIT  COUNTY :  Of  the  three  sites  surveyed  in  this  county  in  the 
1980s,  one,  D-3  at  Catarina,  was  found  to  support  a  healthy  population 
of  LAR-A  in  1986  (Walker  1987a).  The  Catarina  site  has  been  visited 
several  times  during  the  1990s;  the  data  collected  during  these  visits  will 
be  reported  elsewhere.  A  brief  visit  to  D-3  in  the  late  afternoon  of 
April  9  resulted  in  the  sighting  of  two  LAR-A.  Two  C.  gularis  were 
seen  there  during  a  visit  on  March  20  (Table  1).  These  results  confirm 
the  continued  existence  of  both  species  at  this  site  for  the  past  14  years. 

Lower  Rio  Grande  Valley  (LRGV). -STARR  COUNTY:  The  portion 
of  Starr  County  within  the  LRGV  extends  from  Rio  Grande  City  east  to 
the  Hidalgo  County  line.  Eight  sites  within  this  area  supported  popula¬ 
tions  of  one  or  both  parthenogens  in  the  1980s;  five  sites  were  re¬ 
surveyed  during  this  study.  The  first  of  these  sites  is  S-4,  located 
approximately  1.5  km  SE  of  the  jet.  of  FM  2644  and  U.S.  Hwy.  83  at 
Garceno.  The  habitat  consists  of  a  bunchgrass/cactus/mesquite  forest 
bordering  dirt  roads  that  run  to  the  Rio  Grande.  This  vegetation  is 
similar  to  what  was  present  at  this  site  in  1986  except  that  previously 
there  were  fewer  large  trees  and  little  cactus  (Table  1).  Two  visits  to 
the  site  resulted  in  sightings  of  a  total  of  30  C.  gularis  and  15  LAR-A 
indicating  the  site  supports  healthy  populations  of  both  species  as  it  did 
in  the  1980s. 
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The  situation  is  different  at  S-5,  located  within  Rio  Grande  City 
between  the  international  bridge  and  the  old  high  school.  In  1984  and 
1985,  the  vegetation  at  this  site  was  bunchgrass  and  sunflower  along  dirt 
roads  with  a  few  scattered  mesquite  trees  (Walker  1987a).  When  visited 
March  23,  much  of  the  site  had  been  replaced  by  a  grain  elevator  opera¬ 
tion  and  gravel  roads  leading  to  it;  only  a  small  area  about  50  by  150  m 
of  bunchgrass-mesquite  habitat  remained.  The  brief  stop  yielded  no 
sightings  of  LAR-A  but  three  sightings  of  C.  gularis  (one  of  which  was 
kept  as  a  voucher,  UADZ  6866).  This  is  a  complete  reversal  from  the 
lizard  community  in  the  1980s  which  included  only  LAR-A  (Table  1). 

The  last  two  sites  in  Starr  County  along  the  Rio  Grande  are  S-7  and 
S-8,  located  between  the  small  town  of  La  Grulla  and  the  Rio  Grande. 
It  was  not  possible  to  positively  locate  the  two  different  sites;  instead  a 
single  site,  located  0.8  km  S  of  Pvt.  Solis  St.  was  investigated.  The  site 
was  a  bunchgrass- weed-cactus  habitat  along  dirt  roads  lined  bordered  by 
tracts  of  moderately  degraded  mesquite  forest  or  cultivated  fields;  this 
is  very  similar  to  the  habitat  present  at  S-7  and  S-8  in  1986  (Walker 
1987b).  A  total  of  13  C.  gularis ,  5  LAR-A,  and  a  single  LAR-B  were 
seen  at  this  site  in  two  visits,  and  a  single  LAR-A  X  C.  gularis  hybrid 
was  collected  (UADZ  6869).  Although  all  three  species  were  collected 
from  S-7  and  S-8  in  the  1980s,  the  2000  survey  shows  a  change  in  lizard 
community  composition  in  that  the  bisexual  species  C.  gularis  is  more 
common  than  the  two  parthenogens  combined  and  that  LAR-B  in 
particular  is  rare. 

There  are  three  LRGV  sites  in  Starr  County  located  over  10  km  north 
of  the  Rio  Grande,  two  of  which  were  visited  briefly  in  the  late  after¬ 
noon  of  March  24.  Site  S-9  is  located  at  the  jet.  of  FM  649  and  FM 
2687  and  is  a  bunchgrass/ weed  habitat  with  a  few  scattered  mesquite 
trees  along  a  dirt  ranch  road.  Site  S-10  is  located  at  El  Sauz  and  consists 
of  a  bunchgrass/weed  habitat  mixed  with  a  mesquite/cactus/thorn  shrub 
habitat  along  unsurfaced  roads.  One  C.  gularis  was  sighted  at  S-10,  no 
lizards  were  seen  at  S-9,  but  this  may  due  to  the  time  of  the  visit.  Both 
habitats  appeared  similar  to  the  way  they  were  in  1986  and  probably 
support  at  least  a  few  lizards,  though  which  species  is  unknown  (Table 
1). 


HIDALGO  COUNTY:  The  most  extensive  studies  of  the  ecology  and 
behavior  of  LAR-A  and  LAR-B  have  been  conducted  at  two  sites  in 
Hidalgo  County:  H-3,  Bentsen-Rio  Grande  Valley  State  Park,  and  H-2, 
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Los  Ebanos.  Site  H-3  was  the  location  of  a  long-term  field  study 
(Paulissen  1994;  1995;  1997;  1999;  2001 ;  Walker  et  al.  1996).  Site  H-2 
was  the  focus  of  an  initial  study  by  Paulissen  et  al.  (1988)  and  of  a 
number  of  subsequent  collecting  trips  since,  the  data  of  which  will  be 
reported  elsewhere.  Two  other  sites  in  Hidalgo  County,  H-l  near  the 
Los  Ebanos  Ferry,  and  H-4,  Rio  Rico  Rd.,  were  not  surveyed.  The  one 
Hidalgo  County  site  visited  during  this  study  was  H-5,  located  2.2  km 
W  of  the  north-south  levee  just  W  of  spur  359  at  the  international 
bridge  at  Hidalgo.  The  habitat  was  essentially  unchanged  from  the 
bunchgrass/weed/mesquite  habitat  lining  the  dirt  roads  running  along  the 
Rio  Grande  that  was  present  in  1988  (Table  1).  However,  when  the  site 
was  visited  in  May  2000,  all  the  grass  had  died  and  turned  brown, 
presumably  because  of  the  drought.  Only  one  lizard,  a  C.  gularis ,  was 
seen  during  a  brief  stop,  perhaps  due  to  the  extremely  hot  temperatures 
that  day  (air  temperature  39 °C).  Other  than  the  dried,  dead  grass,  the 
site  appeared  suitable  for  lizards,  though  what  species  is/are  present  is 
unknown. 

Site  H-7,  located  10  km  N  of  U.S.  Hwy.  83  on  FM  2221,  then 
200- 800m  west  of  the  stop  sign  along  an  unsurfaced  road,  was  not 
visited  as  part  of  this  study  but  was  visited  several  times  during  the 
1990s.  When  first  discovered  in  1988,  the  vegetation  was  a  bunchgrass/ 
weed  habitat  along  the  side  of  the  road,  surrounded  by  a  mesquite-cactus 
forest  further  away  from  the  road.  Some  of  the  mesquite  forest  had 
been  cleared  away  for  cultivation,  but  even  here  the  bunchgrasses  and 
weeds  remained  by  the  side  of  the  road.  Both  LAR-A  and  C.  gularis 
were  abundant  at  H-7  in  the  1980s  (Walker  et  al.  1990).  However,  in 
1995  the  20m  section  of  the  mesquite  forest  nearest  the  road  was  cleared 
leaving  the  bunchgrass/weed  habitat  along  side  the  road  isolated  from 
the  mesquite  forest.  This  habitat  destruction  took  place  during  the 
severe  drought  in  southern  Texas;  presumably  one  or  both  of  these 
factors  precipitated  the  marked  decrease  in  lizard  populations  that 
occurred  by  1997.  Nonetheless,  both  LAR-A  and  C.  gularis  were  still 
present  at  H-7  when  the  site  was  last  visited  on  September  5,  1999. 

CAMERON  COUNTY:  Only  one  site  surveyed  in  the  1980s  was 
surveyed  for  this  study,  C-l  located  3.0  km  S  of  U.S.  Hwy.  281  along 
the  Rio  Grande  at  the  small  town  of  Los  Indios.  The  vegetation  is 
essentially  unchanged  from  the  bunchgrass/mesquite  habitat  lining  the 
dirt  roads  paralleling  the  Rio  Grande,  though  the  willow  trees  reported 
to  be  present  in  1985  were  not  present  when  the  site  was  visited  May 


134 


THE  TEXAS  JOURNAL  OF  SCIENCE-VOL.  53,  NO.  2,  2001 


2000  (Table  1).  No  lizards  were  seen,  probably  due  to  the  lateness  of 
the  hour  and  intense  heat.  However,  the  presence  of  lizard  scat,  tail 
drag  impressions  in  the  soil,  and  reports  of  a  Border  Patrol  agent 
familiar  with  the  area  indicate  whiptail  lizards  are  present  at  C-l ,  though 
which  species  is  not  known. 

Site  C-2,  located  between  U.S.  Hwy.  281  and  the  Rio  Grande  about 
0.3  km  W  of  the  small  town  of  El  Ranchito,  has  been  visited  many 
times  during  the  1990s.  The  habitat  varies  from  a  dense  thicket  of 
mesquite  and  cactus  to  a  bunchgrass-weed  habitat  along  dirt  roads  and 
cultivated  fields  adjacent  to  the  thicket.  In  March  1994,  the  grass  and 
weeds  were  destroyed  by  burning,  but  since  then  they  have  regrown 
restoring  the  habitat  to  its  pre-burn  condition.  In  the  1980s,  Walker 
(1987b)  reported  that  C.  gularis  was  extremely  abundant,  and  LAR-B 
was  present  in  low  numbers  at  C-2.  This  situation  has  remained  the 
same  throughout  the  1990s;  for  example  ,  a  total  of  40  C.  gularis  and 
6  LAR-B  were  seen  at  C-2  during  four  visits  in  Spring  2000. 

The  last  site  surveyed  in  the  1980s  is  C-3,  located  13.2  km  E  of 
Brownsville,  then  3.2  km  S  of  State  Hwy.  4  within  600  m  of  the  Rio 
Grande.  From  1984-1986,  the  site’s  vegetation  was  a  bunchgrass/weed 
habitat  along  an  unsurfaced  road,  giving  way  to  dense  cactus/mesquite/ 
thorn  shrub  habitat  away  from  the  road  (Walker  1987b).  Cnemidop horns 
gularis  was  abundant,  and  LAR-B  was  present  in  moderate  numbers  at 
C-3.  This  site  was  last  visited  on  September  3,  1993:  the  habitat  was 
essentially  unchanged;  however,  only  C.  gularis  were  seen  (Table  1). 

Forstner  et  al.  (1998)  reported  collecting  Cnemidophorus  laredoensis , 
(species  LAR-B,  Dixon,  pers.  comm.)  at  a  site  on  the  northern  edge  of 
Harlingen.  The  site  is  located  at  the  Harlingen  municipal  water  tower 
about  1  km  E  of  U.S.  Hwy.  77  along  loop  499.  The  habitat  consists  of 
dirt  roads  along  and  behind  a  canal  lined  with  bunchgrass  and  weeds; 
mesquite  and  huisache  trees  grew  in  sparse  clumps  throughout  the  area. 
The  site  also  has  piles  of  wood,  paper  and  roofing  materials;  the  soil  is 
loamy  with  little  sand.  Visits  to  the  site  on  August  12,  1998,  31  March 
1999,  20  May  1999  and  17  May  2000  found  no  LAR-A  or  LAR-B, 
though  C.  gularis  was  very  abundant.  This  suggests  that  LAR-B  must 
be  rare  or  absent  from  this  site  today. 

Discussion 

The  Spring  2000  re-survey  of  sites  at  which  one  or  both  species  of 
Cnemidophorus  laredoensis  complex  was  collected  in  the  1980s  showed 
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that  some  sites  changed  dramatically  through  the  activities  of  humans, 
some  sites  changed  only  modestly  through  ecological  succession,  and 
some  sites  changed  little  at  all.  Though  details  vary  from  site  to  site, 
three  broad  trends  stand  out.  First,  sites  in  the  larger  cities  are  often 
substantially  or  completely  destroyed  by  development.  Walker  et  al. 
(1990)  noted  that  LAR-B  sites  M-2  and  M-3  in  Eagle  Pass  and  LAR-A 
sites  W-3  and  W-7  in  Laredo  were  destroyed  by  development,  extir¬ 
pating  the  lizard  populations  there.  The  present  study  adds  LAR-B  site 
V-10  in  Del  Rio  and  LAR-A  site  W-5  in  Laredo  to  this  list.  In  addition, 
the  type  locality  of  LAR-A,  W-l  in  Laredo,  and  LAR-A  site  S-5  in  Rio 
Grande  City  have  been  substantially  reduced  in  size  by  development, 
perhaps  contributing  to  the  large  decline  in  LAR-A  population  sizes  at 
both  sites  (LAR-A  was  rare  at  W-l ,  not  seen  at  S-5).  Although  it  is  true 
that  LAR-A  still  live  in  the  vicinity  of  W-7,  sites  W-2,  W-4,  and  W-6  in 
Laredo  are  all  adjacent  to  developed  lots  and  may  themselves  be  bull¬ 
dozed  and  developed  eliminating  LAR-A  populations  at  those  places. 
Ironically,  both  parthenogens  require  habitats  with  at  least  some  dis¬ 
turbance  to  promote  the  growth  of  bunchgrasses  and  weeds  and  to  open 
up  bare  patches  of  ground  (Walker  1987a,  1987b)  and  can  even  live  in 
habitats  which  have  no  vegetation  other  than  a  few  scattered  clumps  of 
weeds  (Walker  1987c;  Walker  &  Cordes  1990).  But  it  appears  that  both 
LAR-A  and  LAR-B  require  at  least  this  minimal  habitat;  the  pavement, 
mowed  lawns  and  gravel  roads  of  development  in  large  towns  are  habitat 
alterations  too  severe  to  permit  existence  of  parthenogens.  The  situation 
is  different  at  small  towns  such  as  Catarina  (D-3),  Fronton  (S-2),  La 
Grulla  (S-7,  S-8)  and  El  Ranchito  (C-2);  the  sites  in  these  towns  are 
moderately  disturbed  but  have  not  been  extensively  developed  so  still 
support  healthy  populations  of  lizards.  Clearly  the  development  prac¬ 
tices  of  small  towns  tend  to  help  rather  than  hurt  populations  of 
parthenogens. 

A  second  broad  trend  is  that  the  bisexual  species  C.  gularis  has 
become  established  in  many  places  from  which  it  was  absent  in  the 
1980s  and  has  increased  in  numbers  relative  to  the  parthenogens  at  some 
sites.  The  establishment  of  C.  gularis  at  site  H-3  (Bentsen-Rio  Grande 
Valley  State  Park)  in  the  1990s  has  already  been  documented  (Walker 
et  al.  1996).  Similarly,  C.  gularis  is  now  present  and  more  abundant 
than  LAR-A  at  sites  W-l  and  W-4  in  Laredo  and  S-5  in  Rio  Grande 
City;  it  was  not  found  at  any  of  these  sites  in  the  1980s.  Furthermore, 
C.  gularis  has  substantially  increased  in  abundance  relative  to  LAR-A  at 
sites  S-2,  S-4  and  H-7  (Table  1).  The  influx  of  C.  gularis  into  C. 
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laredoensis  habitat  can  potentially  negatively  affect  the  parthenogens  in 
several  ways,  though  earlier  work  suggests  at  least  LAR-A  is  able  to 
coexist  indefinitely  with  C.  gularis  (cf.  Paulissen  et  al.  1992). 

The  final  trend  is  the  stability  of  LAR-A  populations  relative  to  the 
decline  of  LAR-B.  The  Spring  2000  survey  was  conducted  as  part  of  a 
study  of  the  genetic  diversity  of  the  two  parthenogens,  a  study  that 
required  noosing  live  lizards  to  obtain  tissue  samples.  Despite  concerted 
efforts  to  locate  and  capture  LAR-B  at  five  sites  (V-13,  W-15,  S-7/S-8, 
H-2  and  C-2),  only  10  lizards  were  obtained.  This  contrasts  with  at¬ 
tempts  to  capture  LAR-A  at  6  sites  (S-2,  S-4,  S-7/S-8,  H-2,  D-3  and  W-6) 
that  yielded  19  captures.  Furthermore,  the  pattern  of  LAR-A  switching 
from  being  the  less  abundant  parthenogen  to  the  more  abundant  one 
documented  at  H-3  (Walker  et  al.  1996)  is  repeated  at  La  Grulla  (sites 
S-7/S-8).  Since  this  site  is  close  to  H-3,  it  is  possible  that  the  LAR-B 
decline  in  the  LRGV  is  part  of  a  widespread  phenomenon.  The  most 
obvious  hypothesis  for  the  decline  is  the  drought  in  southern  Texas,  but 
habitat  changes  or  competition  with  C.  gularis  may  also  play  a  role. 
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THE  ICHTHYOFAUNA  OF 

HARMON  AND  WYNNE  CREEKS  SAMPLED  WITHIN 
THE  CENTER  FOR  BIOLOGICAL  FIELD  STUDIES, 
WALKER  COUNTY,  TEXAS 

Laurieanne  Dent  and  William  I.  Lutterschmidt 

Department  of  Biological  Sciences 
Sam  Houston  State  University 
Huntsville,  Texas  77341 

Abstract. — The  fishes  of  Harmon  and  Wynne  creeks  within  the  Center  for  Biological 
Field  Studies  (CBFS)  were  surveyed  from  March  through  May  2000.  This  survey  provides 
a  species  inventory  for  future  study  of  ichthyofaunal  diversity  within  the  CBFS  creek  system. 
A  total  of  1 1  fish  species  were  identified  by  seining  20  pools.  Blacktail  shiner  ( Cyprinella 
venusta)  and  the  western  mosquitofish  ( Gambusia  affinis )  were  most  common  in  Harmon  and 
Wynne  creeks,  respectively,  with  the  yellow  bullhead  ( Ameiurus  natalis )  and  the  dusky  darter 
( Percina  sciera)  being  the  most  rare.  Indices  of  species  diversity  are  discussed  with  general 
descriptions  of  microhabitat  in  each  creek.  Because  Harmon  and  Wynne  creeks  are  located 
within  the  Trinity  River  Basin  (TRB),  the  endemic  fishes  of  the  TRB  are  reviewed  in  com¬ 
parison  with  the  species  sampled  in  the  CBFS. 


The  Center  for  Biological  Field  Studies  (CBFS)  is  located  5  km 
northeast  of  Huntsville  and  1 1  km  from  the  Sam  Houston  State  Univer¬ 
sity  campus.  The  247-acre  field  station  occupies  the  site  of  the  old 
Huntsville  State  Fish  Hatchery  in  Walker  County,  Texas.  Constructed 
on  Harmon  Creek  in  1932,  the  fish  hatchery  continued  to  operate  and 
maintain  its  reservoir  until  1986  when  a  flood  breached  the  dam,  leaving 
the  hatchery  without  a  water  supply  and  forcing  closure  of  the  facility 
pending  construction  of  a  new  dam.  The  cost  of  reconstructing  the  dam 
prevented  Texas  Parks  and  Wildlife  from  reopening  the  hatchery  (Davis 
et  al.  1994).  In  September  1993,  the  Department  of  Biological  Sciences 
at  Sam  Houston  State  University  proposed  that  the  site  be  developed 
jointly  with  Texas  Parks  and  Wildlife  as  a  biological  field  station.  The 
CBFS  is  protected  through  land  acquisition  and  management  by  Sam 
Houston  State  University  and  the  Department  of  Biological  Sciences. 
Harmon  and  Wynne  creeks  flow  northward  through  the  CBFS  to  the 
Trinity  River  Basin  (TRB).  These  permanent  streams  have  a  predomi¬ 
nantly  sandy  substrate  with  shallow  riffles  interposed  with  deeper  pools. 
Stream  banks  are  steep  and  heavily  vegetated. 

This  study  reports  the  fishes  of  Harmon  and  Wynne  creeks  and 
provides  an  analysis  of  species  richness  and  diversity.  There  have  been 
no  detailed  surveys  of  the  ichthyofauna  of  Harmon  and  Wynne  creeks. 
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Thus,  this  inventory  provides  baseline  data  for  future  documentation  of 
species  composition  and  changes  in  community  structure  due  to  both 
natural  and  anthropogenic  disturbances  within  the  CBFS.  Because 
Harmon  and  Wynne  creeks  are  located  within  the  TRB,  the  endemic 
fishes  of  the  TRB  are  reviewed  in  comparison  with  the  species  sampled 
in  the  CBFS. 


Methods 

Description  of  field  site. — The  CBFS  lies  within  the  Oak-Pine  vegeta¬ 
tion  region  (Story  1990  in  Davis  et  al.  1994).  Predominant  species  are 
the  loblolly  and  short-leaf  pines  and  a  wide  variety  of  oaks  including 
post,  red,  blackjack,  water,  willow,  basket,  yellow  and  white.  Other 
deciduous  trees  include  magnolia,  sweet  gum,  sycamore,  redbud,  dog¬ 
wood  and  hickory.  The  site  includes  a  diversity  of  habitats  including 
mixed  pine-hardwood  forest,  open  prairie  inclusions,  old-field  succession 
and  riparian  habitats  along  Harmon  and  Wynne  creeks. 

Harmon  and  Wynne  creeks  maintain  year-round  flow,  although 
changes  in  water  level  and  flow  are  observed  frequently.  Isolated  or 
back-water  pools  are  rare;  most  pools  are  within  the  stream  channel  and 
demonstrate  continuous  flow.  One  of  the  interesting  characteristics  of 
this  stream  is  its  dynamic  nature.  Sand  within  this  watershed  is  often 
washed  downstream  by  heavy  rain  creating  pools  that  were  not  present 
prior  to  precipitation  and  filling  existing  downstream  pools.  The 
dynamics  of  this  watershed  are  such  that  an  inch  or  two  of  rain  can 
completely  change  the  creek  bed  by  carrying  and  depositing  sand,  logs 
and  debris  thus  changing  the  structure  and  habitat  of  sampling  sites. 

Sampling  regimes.—  Harmon  and  Wynne  creeks  (Phelps  quadrangle) 
were  sampled  over  four  days  during  March  and  April  2000.  A  map 
(Fig.  1)  of  sampling  sites  was  generated  using  coordinates  measured  with 
a  Trimble,  GEO  Explorer®  GPS  unit.  Two  pools  were  surveyed  along 
675  m  of  Harmon  Creek  from  the  breached  dam  (30°  27’  34" N;  95°  17’ 
58"W)  to  the  upstream  and  southern  border  of  the  CBFS  (30°  26’  28"N; 
95°  16’  57"  W).  Three  additional  pools  were  surveyed  off  the  CBFS 
property;  the  last  pool  (UHC-5)  was  2159  m  upstream  from  the  CBFS 
property  line.  Ten  pools  were  surveyed  along  approximately  1263  m  of 
Harmon  Creek  from  the  dam  to  where  the  creek  exits  the  northern  end 
of  the  CBFS  (30°  26’  45"N;  95°  16’ 55"W).  Similarly,  five  pools  were 
surveyed  along  861  m  of  Wynne  Creek  from  where  it  flows  into 
Harmon  Creek  on  the  south  side  of  the  dam  to  where  it  enters  the 
southern  end  of  CBFS  (30°  26’  29"N;  95°  17’  02"W). 
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Figure  1 .  Map  of  the  CBFS  showing  the  pools  sampled  within  Harmon  and  Wynne  creeks. 
Pools  are  labeled  and  numbered  as  either  Upper  Harmon  Creek  (UHC),  Lower  Harmon 
Creek  (LHC),  or  Wynne  Creek  (WC).  The  sites  (UHC-3  through  UHC-5)  sampled 
beyond  the  CBFS  property  line  are  shown  to  the  right  of  the  CBFS  property  map. 
Stream  currents  flow  northward  toward  the  Trinity  River  and  all  streams  are  indicated  by 
dashed-black  lines.  Roads  on  the  CBFS  property  are  indicated  by  solid-gray  lines.  The 
black  circle  within  the  Texas  map  indicates  the  location  of  the  CBFS  in  Walker  County. 


Collection  sites  were  chosen  by  walking  the  creeks  and  finding 
suitable  pools  for  sampling.  Pools  were  relatively  small  ( x  Jength  =  15.2 
in ,  SE  =  1.36;  X  width  =  3.9  m,  SE  =  0.37)  and  all  available  habitats 
were  sampled  easily.  Sampling  effort  for  each  of  the  20  pools  consisted 
of  five  consecutive  seine  hauls  across  the  entire  length  of  the  pool.  A 
4.6  by  1.2  m  seine  with  5  mm  mesh  was  used.  Fishes  from  each  pool 
were  placed  in  separate  plastic  collecting  jars  and  preserved  in  10% 
formalin.  Fishes  were  later  identified  and  deposited  in  the  Sam  Houston 
State  Vertebrate  Museum  (SHSVM)  with  precise  locality  data. 

Data  analyses.—  In  the  laboratory  fishes  were  sorted,  identified  and 
counted  (Hubbs  et  al.  1991;  Page  &  Burr  1991;  Pflieger  1991).  Species 
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richness  (R),  total  abundance  (TA),  the  Shannon- Wiener  diversity  index 
(H'),  maximum  species  diversity  (H'  max),  and  species  evenness  (J')  were 
calculated  across  all  samples  and  for  the  three  areas  of  the  watershed: 
(1)  upper  Harmon  Creek  (above  dam),  (2)  lower  Harmon  Creek  (below 
dam)  and  (3)  Wynne  Creek.  The  Percent  Similarity  Index  (PSI)  was 
also  used  to  assess  similarity  in  species  composition  and  relative  abun¬ 
dance  between  these  three  areas  of  the  CBFS  Watershed.  The  PSI 
(Wolda  1981)  is  a  quantitative  index  in  which  0.0  indicates  no  shared 
species  among  sites;  a  PSI  of  1.0  indicates  that  sites  share  identical 
species  (Ludwig  &  Reynolds  1988).  The  PSI  has  been  used  extensively 
in  the  analysis  of  fish  communities  (e.g.,  Matthews  et  al.  1988;  Cashner 
et  al.  1994;  Matthews  et  al.  1996,  Lienesch  et  al.  2000).  Similarity 
indices  >0.7  indicate  highly  similar  assemblages  and  similarity  indices 
<0.4  indicate  large  differences  between  fish  assemblages  (Matthews  et 
al.  1988;  Lienesch  et  al.  2000). 

Results  and  Discussion 

A  total  of  2315  fishes  from  11  species  were  collected  from  20  sites 
in  Harmon  and  Wynne  creeks  (Table  1).  This  sample  represents  10.4% 
of  the  endemic  species  that  have  been  documented  in  the  Trinity  River 
Basin  (Table  2).  Blacktail  shiner  ( Cyprinella  venusta)  and  western 
mosquitofish  ( Gambusia  affinis)  were  the  most  abundant  species  making 
up  more  than  half  of  the  sample  (55.9%),  and  the  yellow  bullhead 
( Ameiurus  natalis)  and  the  dusky  darter  ( Percina  sciera)  were  the  most 
rare  making  up  0.2%  of  the  sample.  Of  the  25  families  which  occur  in 
the  TRB,  six  (or  24%)  were  represented  in  samples  from  the  CBFS. 
The  best  representation  of  familial  taxa  in  Harmon  and  Wynne  creeks  is 
for  Poeciliidae.  Gambusia  affinis  represents  100%  of  the  poeciliids  in 
that  this  species  is  the  only  poeciliid  found  in  the  TRB.  Centrarchidae 
followed  with  three  of  15  (20%)  species  being  represented.  Other 
families  collected  were:  Cyprinidae  with  four  of  24  species  (16.7%), 
Ictaluridae  with  one  of  seven  species  (14.3%),  Fundulidae  with  one  of 
nine  species  (11.1%),  and  Percidae  with  one  of  15  species  (6.7%) 
represented.  All  species  sampled  are  common  inhabitants  of  small 
creeks  within  the  TRB  (Travis  et  al.  1994). 

Wynne  Creek  was  shallow  with  many  sandy  riffles,  few  pools  and 
steep  banks  lined  with  vegetation.  The  abundance  of  G.  affinis  and 
Notropis  texanus  and  the  relatively  poor  representation  of  other  species 
(Table  1)  may  be  due  to  the  absence  of  larger-pool  microhabitats  within 
this  creek.  Conversely,  Harmon  Creek  had  several  large  and  deep  (> 
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Table  1.  Fish  species  and  total  abundance  of  the  Harmon  and  Wynne  Creeks  Watershed, 
Walker  County,  Texas.  Voucher  specimens  were  collected  and  deposited  in  the  Sam 
Houston  State  Vertebrate  Museum.  Nomenclature  for  taxa  follows  Page  &  Burr  (1991) 
and  Nelson  (1994). 


Taxon 

Common  Name 

Harmon 

Wynne 

Class:  Actinopterygii 

Order:  Cypriniformes 

Family:  Cyprinidae 

Cyprinella  lutrensis 

Red  Shiner 

213 

17 

Cyprinella  venusta 

Blacktail  Shiner 

673 

2 

Notropis  texanus 

Weed  Shiner 

187 

101 

Pimephales  vigilax 

Bullhead  Minnow 

23 

1 

Order:  Cyprinodontiformes 

Family:  Poeciliidae 

Gambusia  affinis 

Western  Mosquitofish 

485 

135 

Family:  Fundulidae 

Fundulus  notatus 

Blackstripe  Topminnow 

429 

16 

Order:  Siluriformes 

Family:  Ictaluridae 

Ameiurus  natalis 

Yellow  Bullhead 

0 

2 

Order:  Perciformes 

Family:  Percidae 

Percina  sciera 

Dusky  Darter 

2 

0 

Family:  Centrarchidae 

Lepomis  macrochirus 

Bluegill 

13 

1 

Lepomis  megalotis 

Longear  Sunfish 

7 

4 

Micropterus  punctulatus 

Spotted  Bass 

3 

1 

Total  Abundance 

2035 

280 

70  cm  depth)  pools  interposed  between  riffles.  Thus,  Harmon  Creek 
may  provide  both  nesting  and  foraging  sites  for  larger-bodied  centrarchid 
species,  and  probably  contributed  to  the  greater  abundance  of  fishes 
when  compared  to  Wynne  Creek.  These  observations  are  supported  by 
the  Shannon- Wiener  diversity  index  (H')  which  indicates  that  Harmon 
Creek  (H'  =  2.323)  has  greater  species  diversity  than  Wynne  Creek  (H' 
=  1.795)  (Table  3).  There  is  also  an  interesting  difference  in  H' 
between  the  ichthyofauna  of  Upper  Harmon  Creek  (UHC)  and  Lower 
Harmon  Creek  (LHC),  0.954  and  2.160,  respectively  (Table  3).  Most 
of  the  diversity  in  Harmon  Creek  is  observed  in  LHC.  This  may  be  the 
result  of  LHC  being  below  the  dam  and  the  original  watercourse  where¬ 
as  UHC  and  Wynne  Creek  were  once  part  of  the  reservoir  prior  to  the 
breach  of  the  dam  14  years  ago.  UHC  includes  extensive  sandy-riffle 
habitats  with  shallow  pools  (i.e.  <  10  cm  in  depth).  Therefore,  pool 
availability  for  sampling  was  reflected  in  large  distances  between  sites 
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Table  3.  Species  richness  (R),  total  abundance  (TA),  Shannon- Wiener  diversity  index 
(H'), maximum  species  diversity  (H'max),  and  species  evenness  (J')  for  the  entire  sample 
and  three  areas  of  the  watershed:  (1)  Harmon  Creek  above  the  site  of  the  breached  dam, 
(2)  Harmon  Creek  below  the  site  of  the  breached  dam  and  (3)  Wynne  Creek. 


Creek 

R 

TA 

H' 

u  / 

1 1  max 

J' 

Entire  CBFS  Watershed 

11 

2315 

2.372 

3.459 

0.685 

Harmon 

10 

2035 

2.323 

3.321 

0.699 

Upper  Harmon  (Above  Dam) 

5 

442 

0.954 

2.321 

0.411 

Lower  Harmon  (Below  Dam) 

10 

1593 

2.160 

3.321 

0.650 

Wynne 

10 

280 

1.795 

3.321 

0.540 

(Fig.  1).  Evenness  data  (J')  from  UHC  (0.411)  also  suggests  limited 
microhabitats  for  colonization  by  a  more  diverse  assemblage  of  fishes. 
The  PSI  comparisons  between  LHC,  UHC  and  Wynne  Creek  support 
observations  made  during  this  study  that  UHC  and  Wynne  Creek  are 
similar  in  species  composition  and  relative  abundance  (PSI  =  0.761). 
However,  LHC  showed  the  greatest  species  composition  and  differed 
largely  from  UHC  and  Wynne  Creek  (PSI  =  0.160  and  0.287,  respec¬ 
tively).  In  this  survey,  species  richness  (R)  seemed  to  be  independent 
of  the  number  of  pools  sampled.  Both  Harmon  Creek  ( n  —  15)  and 
Wynne  Creek  ( n  =  5)  had  equal  richness  (R  =  10).  Except  for  A. 
natalis  and  P.  sciera ,  all  species  were  found  throughout  the  watershed. 

It  is  likely  that  other  fish  species  may  occur  in  Harmon  and  Wynne 
creeks.  This  study  sampled  only  11  (10.4%)  of  106  species  that  are 
known  to  occur  in  the  TRB  (Table  2).  However,  Harmon  and  Wynne 
creeks  are  unlikely  to  support  much  of  the  diversity  in  the  Trinity  River 
and  the  TRB  due  to  limited  occurrence  of  deep  pools  and  habitat. 
Sampling  efforts  were  made  only  in  the  spring  and  provide  no  data  for 
species  that  may  occur  in  Harmon  and  Wynne  creeks  during  other  sea¬ 
sons.  However,  spring  and  summer  sampling  provide  the  greatest  likeli¬ 
hood  for  species  occurrence  because  many  species  demonstrate  winter 
inactivity  or  are  known  to  move  to  larger  watersheds  for  thermal  refuge. 

Because  the  physical  structure  of  Harmon  and  Wynne  creeks  is  highly 
dynamic,  studies  addressing  fish  assemblages  under  different  precipita¬ 
tion  conditions  would  also  be  interesting.  Future  surveys  should  be 
considered  to  document  the  stability  of  these  populations  and  possible 
changes  in  species  composition  among  seasons  and  over  time.  This 
survey  provides  a  preliminary  species  inventory  for  future  conservation 
efforts  and  documentation  of  ichthyofaunal  changes  within  Harmon  and 
Wynne  creeks  of  the  CBFS. 
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FOODS  OF  SCALED  QUAIL  ( CALL1PEPLA  SQUAMATA) 

IN  SOUTHEASTERN  NEW  MEXICO 

John  L.  Hunt  and  Troy  L.  Best 

Department  of  Biological  Sciences  and 
Alabama  Agricultural  Experiment  Station,  331  F unchess  Hall 
Auburn  University,  Alabama  36849-5414 

Abstract.— In  late  summer  and  autumn  1981-1988,  563  scaled  quail  ( Callipepla 
squamata)  were  collected  in  southeastern  New  Mexico  to  determine  amounts  and  kinds  of 
food  items  ingested  and  to  evaluate  variation  in  feeding  habits  by  sex,  age,  time  of  day, 
month  and  year.  Grasshoppers  and  seeds  of  Helianthus,  Euphorbia  and  Croton  were 
dominant  food  items.  Diet  did  not  differ  between  sexes  or  age  groups.  Scaled  quail 
consumed  more  grasshoppers  and  other  insects  in  morning,  and  more  seeds  in  afternoon. 
Composition  of  diet  differed  by  month  and  year;  these  differences  may  be  due  to  annual 
variation  in  rainfall  and  may  be  related  to  population  fluctuations. 


The  scaled  quail  ( Callipepla  squamata)  is  one  of  the  most  popular 
game  birds  of  the  southwestern  United  States  and  has  been  the  subject 
of  numerous  studies  of  food  habits  (Lehman  &  Ward  1941;  Schemnitz 
1961;  Ault  1981;  Rollins  1981;  Ault&Stormer  1983;  Campbell-Kissock 
et  al.  1985;  Medina  1988),  including  several  that  have  been  conducted 
in  southeastern  New  Mexico  (Davis  &  Banks  1973;  Davis  et  al.  1975; 
Best  &  Smartt  1985).  Each  of  these  studies  covered  one  to  two  years; 
none  examined  long-term  variation  in  diet  of  scaled  quail.  Only  Best  & 
Smartt  (1985)  examined  dietary  differences  between  sexes.  No  study 
has  examined  dietary  differences  between  age  classes.  A  more  complete 
understanding  of  food  habits  of  the  scaled  quail  is  desirable  for  land 
managers  and  those  who  wish  to  understand  population  declines  by 
scaled  quail  (Brennan  1994).  For  example,  much  of  the  geographic 
range  of  scaled  quail  in  New  Mexico  has  been  subjected  to  treatments 
intended  to  control  shinnery  oak  ( Quercus  havardii)  (cf.  Peterson  & 
Boyd  1998).  If  shinnery  oak  acorns  are  utilized  as  a  food  source  by 
scaled  quail,  destruction  of  shinnery  oaks  might  have  a  deleterious  effect 
on  populations  of  scaled  quail.  This  study  examines  variation  in  diet  by 
sex,  age,  time  of  day  and  season  over  an  eight  year  period. 

Materials  and  Methods 

The  study  was  conducted  on  the  Los  Medanos  Waste  Isolation  Pilot 
Plant  site  in  southeastern  New  Mexico  in  conjunction  with  a  study  of 
lead  poisoning  in  game  birds  (Best  et  al.  1992a;  1992b).  The  study  area 
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was  centered  at  the  southeast  corner  of  section  20  (T22S,  R31E), 
extended  outward  to  8  km,  and  covered  *  20,000  ha  in  eastern  Eddy 
County  and  extreme  western  Lea  County.  Studies  of  the  feeding 
ecology  of  mourning  doves,  Zenaida  macroura  (cf.  Davis  1974;  Best  & 
Smartt  1986;  Hunt  1999)  and  northern  bobwhites,  Colinus  virginianus 
(cf.  Hunt  &  Best  2001)  have  been  conducted  on  this  site.  All  scaled 
quail  were  collected  in  uncultivated,  shinnery  oak-mesquite  ( Quercus 
havardii/Prosopis  glandulosa)  habitat.  Extensive  analyses  of  vegetation 
have  been  conducted  on  the  site  (Best  &  Jackson  1982;  Cockman  1987; 
1988).  The  study  site  was  heavily  grazed  by  cattle,  and  several  man¬ 
made  stock  tanks  are  located  on  the  site. 

In  late  summer  and  autumn  1981-1988,  563  scaled  quail  were 
collected  by  shooting  as  encountered.  Equal  effort  was  made  in  each 
year  to  collect  quail.  Specimens  were  immediately  placed  on  ice  to 
minimize  effects  of  post-mortem  digestion  (Farner  1960;  Dillery  1965; 
Sedinger  1986).  No  effects  of  digestion  were  observed  in  crop  contents 
in  this  study.  For  each  bird,  time  and  date  of  collection,  body  mass, 
and  sex  and  age  as  determined  from  plumage  were  recorded.  Crops 
were  removed,  placed  into  plastic  vials  and  frozen.  Crops  were  later 
thawed  and  contents  separated  by  type  of  food  and  placed  into  envelopes 
for  drying.  Each  crop  was  analyzed  separately.  Food  items  were  dried 
for  48  hours  at  60°C  to  standardize  masses. 

Food  items  were  identified  by  comparison  with  samples  of  plants 
collected  at  the  study  site  and  by  identification  manuals  (Martin  & 
Barkley  1961;  Borror  &  White  1970;  Davis  1993).  Seeds  were  identi¬ 
fied  to  genus  and  insects  were  identified  to  order  or  family.  Leafy  plant 
material,  which  accounted  for  ~  5%  of  the  total  mass  of  crop  contents, 
was  classified  as  miscellaneous  plant  material  and  was  included  in 
analyses  so  that  results  might  be  compared  with  other  analyses. 

Discriminant-function  analyses  were  used  to  evaluate  sexual,  age- 
related  and  temporal  variation  in  food  habits;  categories  of  food  were 
used  as  variables  and  total  masses  of  each  food  item  contained  in 
individual  crops  served  as  characters.  All  statistical  analyses  were 
conducted  using  SPSS  8.0  for  Windows  (Green  et  al.  1997);  discrimi¬ 
nant-function  analyses  were  cross-verified  using  the  leave-one-out 
protocol.  Empty  crops  (n  =  13)  were  not  included  in  analyses  of  crop 
contents. 
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Results  and  Discussion 

Contents  of  crops.—  Frequency,  total  mass  and  percentage  of  total 
mass  for  each  food  item  are  presented  in  Table  1.  Seeds  of  prairie 
sunflower  ( Helianthus  petiolaris)  accounted  for  14.3%  of  total  mass  of 
food  and  were  present  in  37%  of  crops.  Euphorbia  was  the  most 
common  food  item;  it  occurred  in  60%  of  crops  and  accounted  for 
10.9%  of  total  mass.  Acridid  grasshoppers  were  in  32%  of  crops  and 
made  up  13.6%  of  total  mass  of  food.  Five  other  food  items  were 
found  in  37-57%  of  crops;  miscellaneous  plant  material,  Croton , 
Panicum,  ants  (Formicidae)  and  Heterotheca .  These  five  food  cate¬ 
gories  accounted  for  22%  of  total  mass.  Of  79  food  items  detected,  60 
were  present  in  amounts  <  1  %  of  total  mass.  Overall,  plant  material 
accounted  for  79.4%  of  total  mass,  and  animal  material  accounted  for 
the  remaining  19.6%.  The  overall  results  from  this  study  differ  from 
those  obtained  by  Best  &  Smartt  (1985)  on  the  same  site;  however,  they 
collected  scaled  quail  only  in  November  1979.  Results  from  November 
1981  of  this  study  (the  only  November  collected)  produced  similar 
results  to  those  of  Best  &  Smartt  (1985). 

Sexual  differences.—  The  sample  consisted  of  277  males  and  274 
females,  with  12  specimens  of  unknown  sex.  The  sex  ratio  in  this 
population  was  101.1  males:  100  females;  this  is  not  significantly 
different  from  1:1  (x2  =  0.016,  P  =  0.898).  The  sex  ratios  for 
individual  years  also  did  not  differ  significantly  from  1:1  (P  <  0.05). 
Discriminant-function  analysis  of  crop  contents  in  this  sample  indicated 
no  significant  difference  in  feeding  habits  of  males  and  females  (Wilks’ 
X  =  0.838,  P  =  0.262).  These  results  differ  from  results  obtained  for 
scaled  quail  in  1979  on  the  same  study  site  (Best  &  Smartt  1985),  in  that 
slight  differences  between  diets  of  males  and  females  were  found  in 
quail  collected  only  in  November.  A  discriminant-function  analysis  of 
birds  in  this  study  collected  in  November  1981  indicated  no  significant 
difference  in  feeding  habits  of  males  and  females  (Wilks’  X  =  0.409, 
P  =  0.565).  These  conflicting  findings  may  be  due  to  differences  in 
interpretation  of  statistical  results;  in  any  case,  differences  between  sexes 
in  the  previous  study  were  minor  (Best  &  Smartt  1985). 

Differences  by  age.—  Quail  were  categorized  as  adult  or  subadult. 
The  sample  consisted  of  118  adults  and  423  subadults;  nine  birds  were 
of  undetermined  age.  Discriminant-function  analysis  of  crop  contents 
indicated  no  significant  difference  in  feeding  habits  of  adults  and 
subadults  (Wilks’  X  =  0.826,  P  =  0.118). 
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Table  1.  Frequency,  total  mass  and  percentage  of  food  items  in  crops  ( n  -  563)  of  scaled 
quail  in  southeastern  New  Mexico. 


Item 


Plant  material 

Amaranthaceae 

Amaranthus 

Anacardiaceae 

Rhus 

Boraginaceae 

Lithospermum 

Brassicaceae 
Arab  is 

Cactaceae 

Opuntia 

Caesalpinaceae 

Caesalpinia 

Chenopodiaceae 

Chenopodium 

Cycloloma 

Salsola 

Commelinaceae 

Commelina 

Compositae 
Ambrosia 
Art  ernes  ia 
Helianthus 
Heterotheca 
Verbesina 

Euphorbiaceae 

Croton 

Euphorbia 

Fagaceae 

Quercus 

Gramineae 

Andropogon 

Panicum 

Paspalum 

Labiatae 

Monarda 

Leguminosae 

Astragalus 

Prosopis 

Linaceae 

Linum 

Loasaceae 

Mentzelia 

Molluginaceae 

Mollugo 


Frequency  Percentage  Mass  (g)  Percentage 


197 

35.0 

35.765 

5.3 

27 

4.8 

11.467 

1.7 

42 

7.5 

1.305 

0.2 

44 

7.8 

1.260 

0.2 

24 

4.3 

10.553 

1.6 

28 

5.0 

1.805 

0.3 

145 

25.8 

24.061 

3.5 

87 

15.5 

6.171 

0.9 

1 

0.2 

1.504 

0.2 

52 

9.2 

2.458 

0.4 

21 

3.7 

4.300 

0.6 

16 

2.8 

4.256 

0.6 

208 

36.9 

97.052 

14.3 

211 

37.5 

38.061 

5.6 

43 

7.6 

2.153 

0.3 

241 

42.8 

44.880 

6.6 

336 

59.7 

74.357 

10.9 

72 

12.8 

32.070 

4.7 

91 

16.2 

4.284 

0.6 

222 

39.4 

22.537 

3.3 

162 

28.8 

6.973 

1.0 

30 

5.3 

2.317 

0.3 

156 

27.8 

6.470 

1.0 

173 

30.7 

44.000 

6.5 

47 

8.3 

11.240 

1.7 

28 

5.0 

0.739 

0.1 

41 

7.3 

7.113 

1.0 
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Table  1  cont. 


Item 

Frequency 

Percentage 

Mass  (g) 

Percentage 

Nyctaginaceae 

Oxybaphus 

13 

2.3 

0.864 

0.1 

Plantaginaceae 

Plantago 

1 

0.2 

0.007 

<0.1 

Polygonaceae 

Erigonum 

8 

1.4 

2.116 

0.3 

Verbenaceae 

Verbena 

12 

2.1 

1.034 

0.2 

Other  seeds* 

54 

9.6 

1.597 

0.2 

Miscellaneous  plant 

material 

321 

57.0 

34.350 

5.1 

Total  plant 

548 

97.3 

539.110 

79.4 

Animal  material 

Acrididae 

179 

31.8 

92.314 

13.6 

Aphididae 

1 

0.2 

0.692 

0.1 

Chrysomelidae 

82 

14.6 

2.198 

0.3 

Cicadellidae 

69 

12.3 

0.978 

0.1 

Cicadidae 

5 

0.9 

0.522 

0.1 

Coccinellidae 

57 

10.1 

2.256 

0.3 

Coreidae 

3 

0.5 

0.743 

0.1 

Curculionidae 

59 

10.5 

2.899 

0.4 

Diptera 

22 

3.9 

2.891 

0.4 

Formicidae 

215 

38.2 

8.124 

1.2 

Hymenoptera 

10 

1.8 

0.362 

0.1 

Kermidae 

45 

8.0 

12.453 

1.8 

Lygeidae 

40 

7.1 

1.473 

0.2 

Mantidae 

3 

0.5 

0.663 

0.1 

Margarodidae 

49 

8.7 

3.027 

0.4 

Scarabaeidae 

35 

6.2 

3.464 

0.5 

Tenebrionidae 

20 

3.6 

0.994 

0.1 

Other  insects** 

108 

19.2 

2.072 

0.3 

Insect  eggs 

39 

6.9 

0.160 

<0.1 

Insect  larvae 

35 

6.2 

0.855 

0.1 

Aranae 

49 

8.7 

0.719 

0.1 

Other  invertebrates 

5 

0.8 

0.078 

<0.1 

Bone 

1 

0.2 

0.190 

<0.1 

Total  animal 

389 

69.1 

140.126 

20.6 

Total  food 

550 

97.7 

679.235 

100.0 

Empty  crops 

13 

2.3 

*  Includes  Atriplex,  Cyperus,  Digitaria,  Eragrostris,  Kallstroemia ,  Leptoloma,  Plantago, 
Sida,  Solanum  and  unidentified  seeds. 


**  Includes  Acanaloniidae,  Asilidae,  Bruchidae,  Carabidae,  Cerambycidae,  Cicindelidae, 
Elateridae,  Miridae,  Myrmeleontidae,  Nabidae,  Pentatomidae,  Psyllidae,  Rhopalidae, 
Scutellaridae  and  unidentified  insect  parts. 
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Did  differences  —  Although  collecting  began  at  dawn  and  continued 
until  sundown  each  collecting  day,  most  birds  were  encountered  early 
in  the  morning  (before  1000  hr)  or  late  in  the  afternoon  (after  1600  hr). 
Discriminant-function  analysis  of  crop  contents  based  on  separation  at 
1200  hr  into  morning  (n  =  389)  and  afternoon  (n  =  161)  groups 
indicated  a  significant  difference  in  diet  in  morning  and  afternoon 
(Wilks’  X  =  0.766,  P  <  0.001).  Based  upon  crop  contents,  77%  of 
individuals  were  correctly  classified  as  to  time  of  collection.  Of  the 
most  important  food  items  that  exhibited  a  significant  difference  between 
mean  masses  found  in  morning  and  afternoon,  grasshoppers  and  ants 
were  more  common  in  morning  and  Helianthus  and  miscellaneous  plant 
material  were  more  common  in  afternoon  (r- tests,  all  P  <  0.05).  These 
differences  probably  are  due  to  cooler  temperatures  in  morning,  which 
make  insects  sluggish  and  easier  to  catch  (Chapman  1969);  birds  may 
concentrate  on  seeds  when  insects  are  more  active.  These  findings  are 
similar  to  those  for  a  study  of  northern  bobwhites  ( Colinus  virginianus ) 
conducted  on  the  same  site  (Hunt  &  Best  2001),  which  showed  that 
more  grasshoppers  were  taken  in  morning  than  in  afternoon. 

Seasonal  and  annual  differences  .—Scaled  quail  were  collected  in 
August  (n  =  137),  October  {n  —  330),  November  ( n  —  58)  and 
December  (n  =  38).  Discriminant- function  analysis  of  crop  contents 
indicated  a  significant  difference  in  diet  of  quail  in  these  four  months 
(Wilks’  X  =  0.088,  P  <  0.001).  Eighty-four  percent  of  birds  were 
correctly  classified  as  to  month  of  collection.  Total  mean  masses  of  all 
major  food  items  differed  significantly  between  months  {AN OVA,  all  P 
<  0.05).  Monthly  differences  were  probably  due  to  changing  availa¬ 
bility  of  food  items  as  each  year  progressed.  For  example,  mean  mass 
of  grasshoppers  in  each  crop  decreased  from  0.545  g  in  August  to  0.052 
g  in  October,  then  to  0.019  g  in  December.  Animal  material  was  44% 
of  the  total  mass  of  food  items  in  August,  13%  in  October,  and  <2% 
in  November  and  December.  Mean  mass  of  Helianthus  and  Heterotheca 
in  each  crop  increased  as  the  year  progressed,  while  that  of  Croton  and 
Panicum  decreased.  These  changes  probably  are  due  to  differences  in 
time  of  seed  maturation. 

Discriminant-function  analyses  also  were  performed  separately  for 
each  month  because  differences  were  detected  in  analyses  of  diets  by 
month.  Crops  from  November  and  December  were  excluded  from 
analyses  because  birds  were  collected  only  in  November  1981  and 
December  1987.  Quail  from  August  1988  were  also  deleted  from 
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analysis  because  only  two  quail  were  collected  during  that  month. 
Significant  differences  were  present  in  the  diet  of  scaled  quail  for  1982- 
1988  (August,  Wilks’  X  =  0.003,  P  <  0.001;  October,  Wilks’  X  = 
0.087,  P  <  0.001).  For  birds  collected  in  August,  90%  were  correctly 
classified  to  year  of  collection.  For  birds  collected  in  October,  63% 
were  correctly  classified  to  year  of  collection. 

Annual  variation  in  diet  may  be  due  to  differences  in  availability  of 
food  items  associated  with  annual  differences  in  precipitation.  Rainfall 
at  the  study  site  ranged  from  24.77  cm  in  1983  to  58.42  cm  in  1986 
(NOAA  1981-1988).  In  October,  scaled  quail  ate  a  lower  percentage  of 
animal  material  in  years  with  greater  rainfall  (linear  regression,  R 2  = 
0.616,  F  =  8.013,  P  —  0.037);  in  August,  there  was  a  similar,  but  non¬ 
significant,  trend  ( R 2  =  0.442,  F  =  3.958,  P  =  0.103).  Ault  (1981) 
reported  a  similar  trend  in  scaled  quail  in  the  Texas  Panhandle.  Scaled 
quail  may  eat  greater  amounts  of  insects  in  drier  years  to  obtain  water 
(Giuliano  et  al.  1995). 

Miscellaneous  plant  material  accounted  for  5. 1  %  of  total  mass  of  crop 
contents;  levels  of  miscellaneous  plant  material  taken  remained  1-4% 
during  each  August  and  October  sampled.  Vorhies  (1928)  suggested 
that  quail  may  eat  leafy  vegetation  to  obtain  water.  There  was  no 
relationship  in  this  study  between  annual  precipitation  and  percentage  of 
miscellaneous  plant  material  taken  (linear  regression,  August  R2  = 
0.218,  F  =  1.39,  P  =  0.291;  October  R2  =  0.036,  F  =  0.189,  P  = 
0.682).  However,  percentage  of  total  food  mass  accounted  for  by 
miscellaneous  plant  material  was  greater  in  November  and  December, 
months  that  are  extremely  dry  on  the  study  site.  This  is  not  simply  a 
function  of  lower  mass  of  food  consumed  during  these  months;  in  fact, 
total  intake  of  food  expressed  as  a  percentage  of  body  weight  was  higher 
in  December  than  in  October  (A NOVA,  F  =  30.281,  P  <  0.001). 

Variation  in  precipitation  may  affect  overall  availability  of  food,  may 
lower  reproductive  success,  and  may  directly  contribute  to  fluctuation  in 
population  levels  of  scaled  quail  (Campbell  1968;  Giuliano  et  al.  1995; 
1999).  Although  equal  amounts  of  collection  effort  were  expended  each 
year,  numbers  of  quail  collected  varied  widely.  A  strong  relationship 
existed  between  the  number  of  scaled  quail  collected  each  year  and  the 
total  precipitation  for  the  previous  year  (linear  regression,  R2  =  0.648, 
F  =  13.59,  P  =  0.010).  Lower  population  levels  after  dry  years  may 
be  due  to  lower  availability  of  food  items  in  addition  to  increased 
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competitive  pressure  from  other  medium-sized,  ground-feeding  birds, 
such  as  mourning  doves  and  northern  bobwhites;  further  studies  to 
investigate  possible  competition  are  needed. 
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GERMINATION  REQUIREMENTS  OF  SEEDS 
OF  HELIANTHUS  PARADOXUS  (ASTERACEAE) 

O.  W.  Van  Auken 

Division  of  Life  Sciences 
University  of  Texas  at  San  Antonio 
San  Antonio,  Texas  78249 

Abstract. — This  study  examined  the  germination  requirements  of  the  seeds  of  the  rare 
annual  Helianthus  paradoxus  (puzzle  sunflower),  which  is  known  to  occur  in  only  two 
locations  in  west  Texas  and  a  few  locations  in  New  Mexico.  Flowering  and  seed  (achene) 
maturation  of  H.  paradoxus  occurs  in  late  fall  (October  and  November)  and  seeds  are 
released  from  the  flower  head  shortly  after  maturation.  Newly  matured  seeds  of  H. 
paradoxus  are  dormant  and  will  not  germinate.  Seeds  require  one  to  three  months  of  after¬ 
ripening  or  dry  storage  at  4-25 °C.  With  storage  at  38 °C,  seed  germination  remains  low  at 
about  5%  even  after  10  months  of  storage.  After  appropriate  storage,  H.  paradoxus  seeds 
will  germinate  in  3-7  days  when  incubated  in  low  light  at  25 °C.  Incubation  in  the  dark  at 
25 °C  resulted  in  low  germination.  During  periods  of  very  low  germination  (summer),  seeds 
of  H.  paradoxus  could  be  induced  to  germinate  by  scarification  (nicking  or  removing  the 
seed  top)  and  applying  10-50  mg/kg  gibberellic  acid.  Dormancy  of  H.  paradoxus  seems  to 
prevent  seed  germination  after  dispersal  (in  winter)  when  soils  are  normally  wet  but  killing 
frosts  have  a  high  probability  of  occurring.  In  addition,  dormancy  seems  to  prevent  seed 
germination  in  summer  when  intermittent  showers  wet  the  soil  surface  but,  surface  moisture 
would  not  remain  high  long  enough  to  allow  root  penetration  and  seedling  establishment. 


In  areas  with  high  climatic  variability,  many  annual  species  have  seed 
dormancy  to  prevent  premature  seed  germination  during  periods  with 
rainfall  or  temperature  conditions  that  are  unsatisfactory  for  seedling 
growth  and  survival.  Low  and  uncertain  rainfall  in  central  and  south¬ 
western  Texas  as  well  as  winters  with  killing  frosts  qualifies  these  areas 
as  having  relatively  harsh  environmental  conditions  (Arbingast  et  al. 
1976,  Gale  Research  1992,  National  Climatic  Data  Center  2000).  Curi¬ 
ously,  some  species  found  in  this  region  produce  seeds  that  display 
dormancy  while  seeds  of  other  species  are  not  dormant.  Nas sella 
leucotricha  (Texas  winter  grass),  a  perennial  Poaceae,  produces  seeds 
that  are  dormant  and  require  3-6  months  at  25-35 °C  plus  scarification 
before  germination  of  most  seeds  will  occur  (Van  Auken  1997).  Several 
central  Texas  winter  annual  Asteraceae  produce  seeds  that  are  dormant 
when  produced,  while  seeds  of  Pyrrhopappus  multicaulis  (Texas 
dandelion)  another  winter  annual  lack  dormancy  (Baskin  et  al.  1992; 
Elliott  1999).  A  number  of  perennial  Asteraceae  and  Rosaceae  from 
central  or  western  Texas,  including  Aster  ericoides  Baccharis  neglecta, 
Brickellia  dentata ,  Eupatorium  havavense ,  Gymnosperma  glutinosum  and 


158 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  53,  NO.  2,  2001 


Fallugia  paradoxa  do  not  produce  dormant  seeds.  However,  Helianthus 
maximilanii ,  Verbesina  virginica  and  Viguiera  dentata  seeds  requiring 
four  to  six  weeks  of  low  temperature  treatment  to  break  dormancy 
(Baskin  et  al.  1998;  Veit  &  Van  Auken  1993).  Seeds  of  other  central 
Texas  Asteraceae  have  been  tested  and  displayed  similar  low  temperature 
requirements  to  break  dormancy  (Baskin  et  al.  1995;  1999). 

These  results  suggest  at  least  two  survival  strategies  for  dealing  with 
central  Texas  climatic  variability.  First,  some  species  have  seeds  that 
are  slightly  dormant  to  cope  with  the  climatic  uncertainty  that  occurs  in 
both  winter  (killing  frosts)  and  summer  (sporadic,  low  rainfall). 
Second,  seeds  of  other  species  are  not  dormant,  but  do  not  appear  to 
respond  to  periods  of  uncharacteristic  conditions  that  occur  at  unusual 
times,  for  example,  intermittent  short-term  high  soil  temperatures  in 
winter  or  intermittent  short  term  wet  soil  in  summer. 

Helianthus  paradoxus  is  a  federally  threatened  rare  annual  species  of 
Asteraceae  with  a  restricted  range  (Bush  &  Van  Auken  1997;  McDonald 
1999).  There  is  little  information  available  concerning  its  population 
densities  or  inter-annual  population  changes  (Poole  1992;  Poole  & 
Diamond  1993;  Sivinske  1996;  Van  Auken  &  Bush  1998).  Helianthus 
paradoxus  is  known  from  two  locations  in  west  Texas,  near  Fort 
Stockton  and  Balmorrhea  (Pecos  County  and  Reeves  County  respective¬ 
ly)  and  four  locations  in  New  Mexico  (McDonald  1999).  Helianthus 
paradoxus  is  a  recently  described  species  (Heiser  1958;  1965),  but  it 
was  originally  collected  in  New  Mexico  in  1851.  After  the  original 
collection,  it  was  apparently  ignored  and  thought  extirpated  from  New 
Mexico  until  recently  (Seiler  et  al.  1981).  Helianthus  paradoxus  is 
apparently  a  stabilized  hybrid  species  derived  from  H.  annuus  and  H. 
petiolaris  (cf.  Rieseberg  et  al.  1990;  1991;  Rieseberg  1991;  Abbott 
1992;  Dorado  et  al.  1992). 

Helianthus  paradoxus  and  the  parent  species  are  annuals  and  apparent 
diploid  out-crossers.  Helianthus  annuus  is  found  across  the  U.  S. 
usually  on  heavy  clay  soils  (Correll  &  Johnston  1979).  Helianthus 
petiolaris  is  usually  encountered  on  dry,  sandy  soils  in  the  southwestern 
United  States  and  H.  paradoxus  is  detected  on  heavy,  saline,  water¬ 
logged  soils  in  a  few  locations  in  west  Texas  and  New  Mexico  (Jaco 
1980;  Rives  1980;  Veni  1991;  Boghici  1997;  McDonald  1999).  Both 
parent  species  start  flowering  in  late  spring  or  early  summer,  depending 
on  the  location,  while  H.  paradoxus  flowers  in  late  fall.  Helianthus 
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paradoxus  apparently  has  both  a  transient  seed  bank  (seeds  germinate  the 
first  year  after  dispersal)  and  a  persistent  seed  bank  (seeds  do  not 
germinate  until  more  than  one  year  after  dispersal),  at  least  in  the  soils 
of  the  Diamond  Y  Spring  Preserve  in  west  Texas  (Coteff  2000).  How¬ 
ever,  the  requirements  for  seed  germination,  seedling  establishment  and 
growth  for  this  species  are  unknown.  The  light,  water,  nutrient  require¬ 
ments,  salt  tolerance  and  the  necessity  of  fungal  symbionts  are  also 
unknown. 

The  purpose  of  this  study  was  to  investigate  germination  requirements 
of  seeds  of  H.  paradoxus .  The  time  and  temperature  requirements  for 
germination  or  breaking  dormancy,  the  light  requirements  for  breaking 
dormancy,  scarification  and  the  use  of  various  concentrations  of  gib- 
berellic  acid  to  break  dormancy  were  examined. 

Materials  and  Methods 

Seeds  (achenes)  of  Helianthus  paradoxus  were  collected  in  October 
of  each  year  (1995-1998)  from  plants  on  the  Diamond  Y  Spring  Pre¬ 
serve  of  the  Nature  Conservancy  of  Texas,  approximately  13  km  north 
of  Fort  Stockton,  Texas  (Pecos  County,  31°00.54’N,  102°55.49’W). 
Prior  to  use  in  any  experiments,  seeds  were  separated  from  chafe. 
Seeds  weighed  3.0  +  0.5  mg  (±  one  standad  deviation),  were  almond 
shaped  and  black  or  brown  mottled  with  black,  3.42  +  0.33  mm  long, 
1.45  ±  0.22  mm  wide  and  0.98  ±  0.14  mm  thick.  All  seeds  used  in 
all  experiments  were  selected  for  fullness  by  inspection  and  for  any 
insect  damage.  If  they  were  not  full  or  had  insect  damage,  they  were 
discarded.  All  seeds  were  initially  stored  dry  at  25 °C  in  sealed  plastic 
bags  for  various  times  prior  to  experimental  use.  Seeds  were  usually 
used  the  next  spring  after  they  were  collected.  Aliquots  of  seeds  that 
were  used  in  the  temperature-time  study  were  placed  in  sealed  plastic 
bags  and  placed  in  a  refrigerator  (4°C),  a  storage  cabinet  (25 °C)  or  an 
incubator  (38 °C).  Temperatures  approximated  mean  minimum  winter 
temperatures  (Dec.  and  Jan.),  mean  maximum  spring  and  fall  tempera¬ 
tures  (April  and  Oct.)  and  mean  maximum  summer  temperatures  (June- 
Aug.)  for  the  Fort  Stockton  area  (Wallis  1977).  Seeds  were  kept  in  the 
dark  at  these  temperatures  during  the  study.  At  various  times  (0-13 
months),  separate  bags  of  seeds  were  picked  randomly  and  removed 
from  the  temperature  treatments.  Seeds  were  counted,  placed  in  Petri 
dishes,  moistened  with  deionized  water  and  then  incubated  at  25 °C  for 
15  days. 

For  germination  studies,  25  intact,  full  seeds  were  placed  in  a  9  cm 
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plastic  Petri  dish  on  a  double  layer  of  number  one  Whatman®  filter 
paper.  The  paper  was  moistened  with  2  mL  of  deionized  water  and  kept 
moist  with  deionized  water  during  each  experiment.  All  Petri  dishes 
were  kept  in  sealed  plastic  bags  to  prevent  desiccation.  There  were 
three  replicates  (Petri  dishes)  per  treatment.  Germination  tests  were 
conducted  (incubated)  at  25 °C  on  a  12-12,  light-dark  photoperiod. 
Light  levels  were  low  (250  /xM  •  m2  •  s'1,  the  approximate  light  level 
found  below  the  grassland  canopy)  during  incubation  and  incubation  was 
terminated  after  15  days.  Light  levels  were  measured  with  a  Li-Cor® 
LI- 188  integrating  quantum  sensor.  A  seed  was  considered  germinated 
with  2  mm  emergence  of  the  radicle.  Once  germinated,  that  seed  was 
removed  from  the  Petri  dish.  All  Petri  dishes  were  inspected  each  day 
during  the  incubations. 

For  the  gibberellic  acid  (GA)  treatments,  GA4  and  GA7  were  used  in 
a  1: 1  ratio.  Twenty  mg  of  the  GA4  and  GA7  mixture  was  dissolved  in 
20  mL  of  deionized  water  for  a  1000  mg/kg  (=ppm  or  parts  per 
million)  solution.  This  solution  was  diluted  accordingly  to  get  the  test 
concentrations  used  (1-500  mg/kg).  Initially,  the  GA  was  dissolved  in 
200  /x L  of  ethyl  alcohol,  because  of  solubility  problems,  added  to  the 
deionized  water,  and  then  the  pH  of  the  solution  was  adjusted  to  8.2 
with  10%  KOH  to  maintain  the  GA  in  solution.  Seeds  used  in  the 
gibberellic  acid  treatment  were  scarified  by  removing  the  tip  of  the  seed 
with  a  sharp  razor  prior  to  placing  them  in  Petri  dishes. 

Statistical  analysis  involved  use  of  a  one-way  analysis  of  variance  to 
compare  the  number  of  germinations  per  day  in  the  25  °C  incubation 
treatment  and  to  compare  the  number  of  seed  germinations  in  the  light 
and  dark  treatments  (SAS  1991;  Steel  et  al.  1997).  A  one-way  or  two- 
way  analysis  of  variance  on  the  arcsine  transformation  of  cumulative 
percent  germination  after  15  days  of  incubation  was  used  in  the  gib- 
berelic  acid  study  and  the  temperature  and  time  of  storage  study.  Time 
of  germination,  the  light  level  or  the  concentrations  of  gibberellic  acid 
were  main  effects  in  the  one-way  ANOVAs.  Storage  temperature  and 
time  of  storage  and  their  interaction  was  the  source  of  variation  in  the 
two-way  ANOVA.  The  ANOVAs  were  followed  by  the  Scheffe  multiple 
comparison  test  (SAS  1991;  Steel  et  al.  1997). 

Results 

With  appropriate  storage,  seeds  of  Helianthus  paradoxus  usually 
germinated  within  seven  days  (Fig.  la).  There  were  significant  differ¬ 
ences  in  the  number  of  seeds  that  germinated  on  different  days  (F=54.7, 
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Figure  1 .  The  temporal  sequence  of  Helanthus  paradoxus  seed  (achene)  germination.  Mean 
number  of  seed  germinations  of  seed  stored  dry  for  120  days  at  25 °C  is  included  (a). 
After  120  days  of  dry  storage,  the  seeds  were  checked  for  intactness,  placed  on  moistened 
filter  paper  in  Petri  dishes  and  incubated  at  25 °C  in  low  light  for  15  days.  Mean 
cumulative  percent  germination  of  Helianthus  paradoxus  seeds  stored  dry  for  120  days 
at  25 °C  and  then  incubated  at  25 °C  in  low  light  is  also  presented  (b).  A  one-way 
analysis  of  variation  indicated  there  was  a  significant  difference  in  the  number  of  seeds 
germinating  on  different  days  (F—  54.7,  P<0.0001).  The  minimum  significant 
difference  using  the  Scheffe  multiple  comparison  tests  was  1.9  germinations. 


P< 0.0001).  There  were  no  germinations  until  the  third  day  of  incuba¬ 
tion,  with  the  highest  number  of  seeds  germinating  on  the  fourth  day  of 
incubation,  followed  by  a  decline  to  zero  on  day  seven.  When  the  mean 
cumulative  percent  germination  is  examined  (Fig.  lb),  it  is  clear  that 
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most  of  the  seeds  that  were  going  to  germinate  had  germinated  by  the 
sixth  day  of  incubation  at  25 °C.  The  percent  of  seeds  germinating 
increased  regularly,  reaching  a  plateau  on  the  sixth  day  of  incubation. 

Storage  temperature  was  also  important  for  successful  germination  of 
seeds  of  Helianthus  paradoxus  (Fig.  2).  There  were  significant  differ¬ 
ences  between  the  storage  temperatures  tested  (/7=275.1,  P< 0.0001). 
The  lowest  mean  number  of  germinations,  10.5%,  was  in  the  38 °C 
storage  treatment.  The  highest  number  of  germinations,  29.0%,  was  in 
the  25  °C  storage  treatment.  These  values  were  pooled  over  the  378  d 
of  the  study.  The  overall  factorial  ANOVA  indicated  significant  differ¬ 
ences  (F=  148.1,  P< 0.0001),  with  a  significant  temperature  effect 
(F=275.L,  .P<0.0001),  a  significant  storage  time  effect  (F=290.4, 
P< 0.0001),  and  a  significant  temperature-storage  time  interaction 
(F= 58.9,  ^<0.0001,  Fig.  3).  There  were  no  Helianthus  paradoxus 
seed  germinations  in  October  of  1995,  two  weeks  after  the  seeds  were 
collected  and  only  a  few  germinations  in  the  25  °C  storage  treatment 
after  one  month  of  storage.  Fewer  than  10%  of  the  seed  in  the  38 °C 
storage  treatment  germinated  until  August  1996,  10  months  after  initial 
production.  However,  in  November,  one  year  after  the  seeds  were 
produced,  there  were  no  differences  in  the  number  of  germinations 
across  the  three  temperature  treatments.  In  the  25  °C  storage  treatment, 
the  mean  percent  germination  increased  from  less  than  one  percent  in 
November  1995  to  a  mean  high  of  70%  in  March  1996  and  then  to 
about  30%  for  the  remainder  of  the  study.  For  the  seeds  stored  at  4°C, 
the  trend  was  about  the  same,  increasing  to  a  mean  high  of  44%  in 
February-March  1996  and  then  decreasing  slightly. 

Low  light  levels  stimulated  seeds  of  Helianthus  paradoxus  to  germi¬ 
nate  (Fig.  4).  There  was  a  significant  differences  between  the  light  and 
dark  treatments  (F=  12.7,  P=0.0255).  Germination  was  38  +  10%  in 
low  light  and  10  ±  5%  in  the  dark.  Gibberellic  acid  treatment  also 
stimulated  seeds  of  Helianthus  paradoxus  to  germinate  (Fig.  5).  There 
were  significant  differences  among  the  concentrations  of  gibberellic  acid 
tested  (F= 54.2,  P<0.0001).  Mean  percent  germination  of  scarified  or 
non-scarified  seeds  treated  with  deionized  water  were  lowest,  between 
18-26%.  Mean  percent  germination  of  seeds  treated  with  1-10  mg/kg 
of  gibberellic  acid  increased  to  56-62%,  and  they  were  significantly 
different  from  the  zero  treatment,  but  not  significantly  different  from 
each  other.  The  highest  mean  percent  germination  of  scarified  gib¬ 
berellic  acid  treated  seeds  was  80%  in  the  50  mg/kg  gibberellic  acid 
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Figure  2.  The  effect  of  storage  temperature  on  the  mean  percent  germination  of  seeds  of 
Helianthus  paradoxus.  This  plot  presents  the  effects  of  storage  temperature  (main  effect) 
from  the  temperature-storage  time  factorial  experiment  (F=275.1,  P<0.0001).  Seeds 
were  stored  dry  at  4°C,  25 °C  or  38 °C  from  day  zero  (Oct.  95)  to  day  378  (Nov.  96)  and 
the  results  were  pooled  over  all  of  the  days  tested  for  each  temperature.  Means  with  the 
same  letter  are  not  significantly  different  (Scheffe  multiple  comparison  test,  P<0.05). 
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Figure  3.  The  effect  of  storage  temperature  and  storage  time  on  the  mean  percent 
germination  of  seeds  of  Helianthus  paradoxus.  Seeds  were  stored  dry  at  4°C,  25°C  or 
38°C  from  zero  days  (Oct.  95)  up  to  378  days  (Nov.  96).  At  the  indicated  storage  time, 
seeds  were  removed  from  the  storage  temperature,  checked  for  intactness,  moistened  on 
filter  paper  in  Petri  dishes  and  incubated  at  25 °C  in  low  light  for  15  days.  The  overall 
two-way  ANOVA  indicated  significant  differences  (F=  148.1,  P<0.0001),  and  there  was 
a  significant  temperature  effect  (F=275.1,  P<0.0001),  a  significant  storage  time  effect 
(F=  290.4,  P<0.0001),  and  a  significant  interaction  (F=58.9,  P<  0.0001 ).  The 
minimum  significant  difference  using  the  Scheffe  multiple  comparison  test  was  5.2%. 
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Figure  4.  The  effect  of  light  levels  (low  light  or  complete  darkness)  on  mean  percent 
germination  of  Helianthus  paradoxus  seeds  (achenes).  Seeds  were  initially  stored  dry  for 
120  days  at  25 °C  in  low  light.  After  120  days,  the  seeds  were  checked  for  fullness  and 
insect  damage,  placed  on  filter  paper  in  Petri  dishes,  moistened  with  deionized  water  and 
incubated  at  25 °C  for  15  days.  The  line  above  each  bar  is  plus  one  standard  deviation. 
A  one-way  analysis  of  variance  indicated  there  was  a  significant  difference  in  the  number 
of  seeds  germinating  in  the  different  light  treatments  (F=  12.7,  P<  0.0255).  Means  with 
the  same  letter  are  not  significantly  different  (Scheffe  multiple  comparison  test,  P<0.05). 


treatment.  There  were  no  significant  differences  between  this  treatment 
and  the  10,  100  or  500  mg/kg  treatments,  but  the  number  of  germina¬ 
tions  in  the  50  mg/kg  treatment  was  significantly  different  from  all  of 
the  other  treatments  (Scheffe  multiple  comparison  test,  /><0.05). 

Discussion 

In  general,  plant  seeds  (diaspores)  will  respond  to  environmental 
conditions  that  favor  germination  and  have  a  high  probability  of  being 
followed  by  other  conditions  that  are  favorable  for  growth  and  survival 
of  the  seedlings  (Fenner  1985).  Therefore,  the  timing  of  germination  of 
the  seeds  is  critical  to  the  ensuing  plant  establishment,  growth  and 
development.  Seeds  can  be  nondormant,  in  which  case  they  will  germi¬ 
nate  under  conditions  normally  favorable  for  growth.  However,  germi¬ 
nation  may  be  prevented  by  unfavorable  environmental  conditions,  such 
as  inadequate  water,  oxygen,  salt  levels  or  temperature,  which  would 
stop  or  prevent  embryo  growth,  but  growth  would  resume  with  provi¬ 
sion  of  adequate  conditions  (Silvertown  1987). 

Factors  that  usually  regulate  seed  germination  can  be  exogenous  or 
endogenous  (Nikolaeva  1977;  Baskin  &  Baskin  1998).  Exogenous 
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Figure  5.  The  effect  of  gibberellic  acid  concentration  (mg/kg)  and  scarification  on  the  mean 
percent  germination  of  Helianthus  paradoxus  seeds  (achenes).  Seeds  were  collected  on 
October  25,  1998  and  stored  dry  for  681  days  at  25°C  in  low  light.  On  August  16,  2000, 
the  seeds  were  checked  for  fullness  and  insect  damage,  placed  on  filter  paper  in  Petri 
dishes,  moistened  with  deionized  water  or  the  appropriate  concentration  of  gibberellic 
acid  and  incubated  at  25 °C  in  low  light  for  15  days.  The  line  above  each  bar  is  plus  one 
standard  deviation.  A  one-way  analysis  of  variance  indicated  significant  differences 
among  treatment  means  (F=54.2,  P<0.0001).  Means  with  the  same  letter  at  the  top  of 
a  bar  are  not  significantly  different  (Scheffe  multiple  comparison  test,  P>0.05).  In  the 
zero*  treatment,  the  seeds  were  intact  and  no  gibberellic  acid  was  added.  In  the  zero** 
treatment,  the  tip  of  the  seed  was  removed  with  a  sharp  razor  (scarification)  but  no 
gibberellic  acid  was  added.  In  all  other  treatments,  the  tip  on  the  seed  was  removed. 


factors  would  be  physical  or  mechanical  barriers  or  chemicals  present 
in  the  plant  or  seed  coat  that  prevent  germination.  Endogenous  factors 
that  prevent  germination  are  physiological  or  morphological  or  a  com¬ 
bination  of  the  two  (Nikolaeva  1977;  Baskin  &  Baskin  1998).  They 
would  include  hormone  levels  that  regulate  growth,  possibly  light  and 
temperature  requirements,  or  other  factors,  all  of  which  must  be  over¬ 
come  before  germination  can  be  initiated.  All  of  the  above  factors  or 
conditions  usually  cause  initial  or  primary  dormancy  (Harper  1977; 
Begon  et  al.  1986;  Silvertown  1987).  When  seeds  are  induced  into 
dormancy  by  low  light  levels  or  burial  in  the  soil,  conditions  that  would 
reduce  seedling  survival,  this  is  called  secondary  dormancy  (Wesson  & 
Wareing  1969;  Hazebroek  &  Metzger  1990). 

New,  mature  seeds  (achenes)  of  Helianthus  paradoxus  will  not  germi¬ 
nate  and  thus  exhibit  primary  dormancy  (Baskin  &  Baskin  1985;  Begon 
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et  al.  1986;  Baskin  et  al.  1993;  Baskin  &  Baskin  1998).  Dormancy  of 
H.  paradoxus  seeds  is  apparently  controlled  by  endogenous  factors  that 
can  prevent  germination  such  as  hormone  levels,  afterripening  require¬ 
ments,,  or  possibly  light  and  temperature  sensitivity  (Nikolaeva  1977; 
Baskin  &  Baskin  1998).  Germination  of  seeds  of  H.  paradoxus  do  not 
seem  to  require  the  high  levels  of  salts  that  are  found  in  the  soils  of  the 
Diamond  Y  Preserve  (Van  Auken  &  Bush  1998).  No  salts  were  added 
to  any  of  the  seed  treatments  in  any  of  the  studies  presented  here,  and 
high  levels  of  germination  were  achieved.  Thus,  the  requirement  for 
endogenous  factors  to  control  dormancy  is  supported  in  the  present  study 
by  increased  seed  germination  after  various  storage  times  at  low  to 
moderate  temperatures,  the  positive  light  response  and  the  positive 
response  to  gibberellic  acid  treatment.  Gibberellic  acid  has  been  shown 
in  numerous  cases  to  break  dormancy  or  promote  germination  (see  Kahn 
1968). 

Dormant  H.  paradoxus  seeds  can  be  induced  to  germinate  by  dry 
storage  at  low  to  medium  temperatures  for  2-6  months.  This  slight 
dormancy  has  been  demonstrated  for  several  species  of  Asteraceae  from 
central  Texas  (Baskin  et  al.  1992;  Baskin  et  al.  1995;  1999;  Elliott 
1999).  It  appears  to  be  an  important  component  of  a  survival  strategy 
for  H .  paradoxus  in  a  region  with  variable  climatic  conditions.  There 
seems  to  be  a  window  of  opportunity  for  seed  germination  and  success 
for  H.  paradoxus  with  at  least  three  components.  The  first  component 
of  this  strategy  is  winter  temperature.  Southwestern  Texas,  one  of  the 
areas  where  H.  paradoxus  is  found,  has  mild  winters,  but  winters  with 
killing  frosts  (Arbingast  et  al.  1976;  Gale  Research  1992;  National 
Climatic  Data  Center  2000).  The  periods  with  frosts  are  separated  by 
temporal  periods  with  mild  temperatures  that  could  sustain  plant  growth. 
However,  if  germination  occurred  during  these  periods,  subsequent 
frosts  would  probably  kill  any  germinated  seedlings.  Thus,  dormancy 
would  prevent  H.  paradoxus  seeds  from  germinating  from  the  time  they 
are  mature  and  shed  from  the  seed  heads  in  late  October  and  November 
until  January  through  March,  which  would  be  early  winter  through  early 
spring.  As  seeds  start  to  come  out  of  dormancy  in  January,  the  potential 
for  intermittent  freezing  temperatures  would  be  high.  However,  the 
potential  for  freezing  temperatures  would  decrease  as  the  days  get  longer 
and  the  winter  season  progresses.  Concomitantly,  a  larger  number  of 
seeds  would  germinate  as  the  season  progresses  and  the  potential  for 
survival  would  also  increase. 
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The  second  component  of  this  window  of  opportunity  would  relate  to 
the  growth  pattern  of  H.  paradoxus  and  the  other  major  species  in  this 
salt  marsh.  Helianthus  paradoxus  is  a  C3  species  and  seeds  germinate 
early  in  the  growing  season  and  growth  can  occur  during  the  early 
season  cool  weather,  rather  than  summer.  However,  the  main  period  of 
growth  seems  to  be  in  cooler  early  fall  months,  late  in  the  growing 
season.  The  two  main  associated  species  are  C4  grasses,  Distichlis 
spicata  (saltgrass)  and  Sporobolus  airoides  (alkali  sacaton),  that  have 
their  main  growth  period  in  summer,  the  hottest  time  of  year  (Gould 
1975;  Van  Auken  &  Bush  1998).  The  C4  grasses  are  assumed  to  have 
a  growth  advantage  over  most  C3  species  in  lower  latitudes  where 
temperatures  and  irradiances  are  higher  (Doliner  &  Joliffe  1979;  Waller 
&  Lewis  1979).  Thus,  the  growth  and  flowering  cycle  of  H.  paradoxus 
would  be  out  of  phase  with  its  main  associated  species  and  potential 
competitors.  Consequently,  these  three  species  seem  to  temporally 
partition  the  environment  where  they  grow  on  the  Diamond  Y  Spring 
Preserve  of  the  Nature  Conservancy  in  west  Texas.  Helianthus 
paradoxus  seems  to  grow  best  during  the  early  and  late  part  of  the 
growing  season  while  D.  spicata  and  S.  airoides  grow  best  in  between, 
during  the  hot  summer. 

The  third  component  of  this  window  of  opportunity  for  seed  germi¬ 
nation  and  success  for  H.  paradoxus  would  relate  to  summer  tempera¬ 
tures.  Summers  are  hot  and  dry  in  the  Fort  Stockton  area  of  Pecos 
County  in  west  Texas.  Mean  annual  July  temperature  is  35.5 °C 
(National  Climatic  Data  Center  2000).  During  this  study  only  10-20% 
of  the  H.  paradoxus  seed  stored  at  38 °C  would  germinate  unless  treated 
with  gibberellic  acid.  If  the  soil  surface  in  the  salt  marsh  at  the 
Diamond  Y  Spring  Preserve  were  dry,  that  number  would  be  further 
reduced.  Consequently,  the  seed  dormancy  found  for  H.  paradoxus 
seems  to  be  advantageous  to  this  species,  maximizing  germination  at  the 
time  of  year  when  environmental  conditions  are  best  for  successful 
growth,  reproduction  and  survival,  while  it  is  minimized  during  other 
times  of  the  year. 
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HERBACEOUS  VEGETATION  DIVERSITY  AND  ABUNDANCE 
BENEATH  HONEY  MESQUITE  (PROSOPIS  GLAND ULOSA) 

IN  THE  SOUTH  TEXAS  PLAINS 

Donald  C.  Ruthven,  III 

Texas  Parks  and  Wildlife  Department,  Chaparral  Wildlife  Management  Area 
P.  O.  Box  115,  Artesia  Wells,  Texas  78001 

Abstract. — Honey  mesquite  (Prosopis  glandulosa)  is  the  dominant  woody  species  on  most 
rangelands  in  southern  Texas,  yet  there  is  little  data  on  how  P.  glandulosa  influences  the 
herbaceous  plant  community.  Herbaceous  vegetation  cover,  density  and  frequency  were 
estimated  under  P.  glandulosa  and  adjoining  interspace  on  rangeland  sites  with  varying 
degrees  of  woody  plant  cover  utilizing  20  by  50  cm  quadrats.  Grass  diversity  was  greatest 
beneath  P.  glandulosa  and  on  sites  with  light  woody  plant  cover.  Forb  richness  was  greater 
on  sites  with  light  woody  plant  cover  and  was  not  affected  by  P.  glandulosa.  Texas 
bristlegrass  ( Setaria  texana)  had  a  positive  relationship  with  P.  glandulosa  with  greater 
cover,  density  and  frequency  of  occurrence  under  P.  glandulosa.  Other  common  grasses 
including  Lehman  lovegrass  ( Eragrostis  lehmanniana)  and  fringed  signalgrass  ( Urochloa 
ciliatissima)  were  more  common  in  the  herb-dominated  interspace.  Erect  dayflower 
( Commelina  erecta)  density  was  greater  within  the  dripline  of  P.  glandulosa  and  C.  erecta 
and  silky  evolvulus  ( Evolvulus  alsinoides)  were  more  common  on  sites  with  light  woody  plant 
cover.  The  microenvironment  created  by  P.  glandulosa  may  increase  availability  of 
beneficial  forages  to  herbivores.  As  woody  plant  canopy  coverage  increases,  shading  and 
competition  for  available  nutrients  by  woody  plants  may  result  in  the  decrease  of  herbaceous 
species. 


Members  of  the  genus  Prosopis  are  cosmopolitan  in  distribution 
throughout  warm  arid  and  semi-arid  environments  and  are  an  important 
source  of  animal  fodder,  fuel  and  timber  (Fagg  &  Stewart  1994). 
Honey  mesquite  ( Prosopis  glandulosa )  is  a  common  constituent  of  shrub 
communities  on  many  rangelands  throughout  the  southwestern  United 
States  and  northern  Mexico.  In  the  Rio  Grande  Plains  of  southern 
Texas,  P.  glandulosa  dominates  the  landscape.  In  recent  history,  much 
of  the  South  Texas  Plains  have  shifted  from  an  open  grassland-savanna 
to  a  thorn  woodland  as  a  result  of  overgrazing  by  domestic  livestock  and 
fire  suppression  (Archer  et  al.  1988).  It  appears  that  P.  glandulosa  was 
the  pioneering  woody  species,  with  a  variety  of  other  woody  species 
becoming  established  beneath  P.  glandulosa  canopies  to  form  shrub 
clusters  (Archer  et  al.  1988;  Archer  1989). 


To  combat  woody  plant  invasion,  south  Texas  landowners  have 
utilized  mechanical  methods  such  as  root  plowing,  roller  chopping  and 
chaining  to  revert  brushlands  to  grasslands  to  enhance  rangelands  for 
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livestock  production.  However,  woody  plant  communities,  which 
reestablish  on  treated  sites,  can  be  dominated  by  P.  glandulosa  and 
support  dramatically  reduced  woody  plant  diversity  (Fulbright  &  Beasom 
1987;  Ruthven  et  al.  1993).  These  monocultural  stands  of  P.  glandulosa 
can  persist  for  several  decades  (Stewart  et  al.  1997). 

The  nurse  plant  phenomenon,  in  which  one  plant  facilitates  the 
establishment  of  another,  is  well  documented  (Yeaton  &  Manzanares 
1986;  Smith  &  Goodman  1987;  Franco  &  Nobel  1989).  As  a  result  of 
nitrogen  fixation,  soils  beneath  Prosopis  canopies  have  greater  amounts 
of  total  nitrogen  compared  to  adjacent  open  areas  (Tiedemann  & 
Klemmedson  1973;  Virginia  &  Jarrell  1983;  Franco-Pizana  et  al.  1996). 
Shading  results  in  lower  temperatures  and  lower  evaporative  rates 
beneath  nurse  plant  canopies  and  provide  an  ideal  environment  for 
germination  and  establishment  of  woody  and  succulent  species  (Valiente- 
Banuet  &  Ezcurra  1991;  Franco-Pizana  et  al.  1996).  The  microenviron¬ 
ment  created  by  Prosopis  can  also  affect  herbaceous  species  (Tiedemann 
1970;  Haque  et  al.  1991). 

It  is  unclear  how  P.  glandulosa  may  affect  herbaceous  vegetation  in 
the  South  Texas  Plains  ecosystem.  The  objective  of  this  study  was  to 
determine  herbaceous  plant  diversity  and  abundance  beneath  P.  glandu¬ 
losa  canopy  and  adjacent  shrub  interspace  on  sites  with  varying  degrees 
of  woody  plant  cover.  A  better  understanding  of  how  P.  glandulosa 
affects  herbaceous  plants  can  allow  natural  resource  managers  to  better 
manage  rangelands  to  the  benefit  of  livestock  and  wildlife  production. 

Materials  and  Methods 

The  study  area  (Fig.  1)  was  located  on  the  Chaparral  Wildlife 
Management  Area  (28°  20’  N,  99°  25’  W)  within  the  western  South 
Texas  Plains  (Correll  &  Johnston  1979;  Hatch  et  al.  1990)  and  northern 
portion  of  the  Tamaulipan  Biotic  Province  (Blair  1950).  Climate  is 
characterized  by  hot  summers  and  mild  winters  with  an  average  daily 
minimum  winter  (January)  temperature  of  5°C,  an  average  daily  maxi¬ 
mum  summer  (July)  temperature  of  37 °C,  a  growing  season  of  249  to 
365  days,  and  average  annual  precipitation  (1951-1978)  of  55  cm 
(Stevens  &  Arriaga  1985).  Average  annual  precipitation  on  the  study 
site  (1989-1999)  was  54  cm.  Precipitation  patterns  are  bimodal  with 
peaks  occurring  in  late  spring  (May  to  June)  and  early  fall  (September 
to  October).  Short-term  periods  of  drought  are  common  and  rainfall  can 
be  highly  variable  between  locations  (Norwine  &  Bingham  1985). 
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Figure  1 .  Location  of  the  Chaparral  Wildlife  Management  Area  within  the  South  Texas 
Plains  ecological  region  (stippled  area)  and  the  state  of  Texas.  South  Texas  Plains 
ecological  region  boundaries  were  taken  from  Hatch  et  al.  (1990). 


Evaporation  rates  are  high  and  can  exceed  25  cm  during  the  summer 
months  (S.  Riff,  pers.  comm.). 

Four  sites  of  approximately  4  ha  in  size  each  were  selected  for  study. 
Prosopis  glandulosa  was  the  dominant  woody  species  on  all  sites. 
Woody  plant  canopy  cover  on  two  sites  was  estimated  at  20-40%  and 
was  considered  light,  while  woody  plant  canopy  cover  on  the  remaining 
two  sites  was  60-75%  and  was  considered  dense  (J.  Rutledge,  pers. 
comm.).  Light  canopy  cover  sites  had  no  history  of  mechanical, 
chemical,  or  pyric  brush  management  treatments.  Dense  canopy  cover 
sites  had  been  subjected  to  chaining  in  1948.  Mechanical  brush 
management  applications  may  increase  woody  plant  cover  and  density 
(Fulbright  &  Beasom  1987).  It  is  unclear  whether  chaining  is  the 
causative  agent  for  greater  woody  cover  on  dense  canopy  sites. 
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Soils  were  similar  among  sites  and  consisted  of  Duval  fine  sandy 
loam,  gently  undulating,  Duval  loamy  fine  sand,  0  to  5%  slopes,  and 
Dilley  fine  sandy  loam,  gently  undulating  (Stevens  &  Arriaga  1985; 
Gabriel  et  al.  1994).  Duval  series  soils  are  fine-loamy,  mixed, 
hyperthermic  Aridic  Haplustalfs  and  the  Dilley  series  are  loamy,  mixed, 
hyperthermic  shallow  Ustalfic  Haplargids.  Topography  was  nearly  level 
to  gently  sloping  and  elevation  ranged  between  168  and  180  m. 

Plant  communities  were  characteristic  of  the  P.  glandulosa/ gran) eno 
( Celtis  pallida)  association  (McLendon  1991).  Subdominant  woody 
species  include  twisted  acacia  ( Acacia  schaffneri ),  blackbrush  (. Acacia 
rigidula ),  brasil  ( Condalia  hookeri ),  hog-plum  ( Colubrina  texana )  and 
whitebrush  (. Aloysia  gratissima).  Prominent  herbaceous  species  include 
Lehmann  lovegrass  (Eragrostis  lehmanniana),  hooded  windmillgrass 
( Chloris  cucullata) ,  hairy  grama  ( Bouteloua  hirsuta ),  partridge  pea 
(Chamae crista  fasciculata )  and  croton  ( Croton  sp.). 

Domestic  livestock  have  grazed  the  study  area  since  the  18th  century 
(Lehmann  1969).  Cattle  were  the  major  species  of  livestock  since  about 
1870,  whereas  sheep  production  dominated  from  about  1750  to  1870. 
Before  1969,  grazing  by  cattle  was  continuous.  From  1969  to  1984, 
livestock  managers  utilized  a  four-pasture  rest  rotation  system  of  cattle 
grazing.  Cattle  were  absent  from  the  study  site  during  1984  to  1989. 
Grazing  resumed  in  1990  and  continued  through  1999  utilizing  a  high 
intensity,  low  frequency  rotational  grazing  system.  Cattle  were  rotated 
once  through  the  study  area  during  the  period  October  through  April. 
Stocking  rates  were  considered  low  to  moderate  and  averaged  one 
Animal  Unit  per  12  ha. 

Within  each  study  site,  25  individual  P.  glandulosa  trees  were 
randomly  selected  for  study.  Crown  diameter  of  all  trees  was  >  6  m. 
Herbaceous  vegetation,  litter  and  bare  ground  cover  was  visually 
estimated  during  summer  1999  (July- August)  in  20  by  50  cm  quadrats 
placed  at  two  random  locations  within  the  dripline  of  each  P.  glandulosa 
and  at  two  locations  in  open  areas  adjacent  to  each  tree  (Daubenmire 
1959).  Daubenmire  frame  locations  in  the  shrub  interspace  were  >  3 
m  from  adjacent  woody  vegetation.  Forb  and  grass  density  and  fre¬ 
quency  were  estimated  by  counting  individual  plants  in  20  by  50  cm 
quadrats  in  each  site.  Forb  and  grass  species  diversity  was  estimated 
with  Shannon’s  Index  (Chambers  &  Brown  1983)  using  frequency  data. 
Scientific  nomenclature  followed  Jones  et  al.  (1997)  and  vernacular 
names  were  taken  from  Hatch  et  al.  (1990). 
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Table  1.  Grass  and  forb  species  richness,  diversity  and  evenness  beneath  Prosopis 
glandulosa  canopies  and  in  herb-dominated  interspaces  on  sites  with  light  (n  =  2)  and 
dense  ( n  =  2)  woody  plant  canopy  cover  on  the  Chaparral  Wildlife  Management  Area, 
Dimmit  and  LaSalle  Counties,  Texas,  1999. 


Richness 

Diversity 

Evenness 

Class/treatment 

X 

SE 

X 

SE 

X 

SE 

Grass 

P.  glandulosa! dense  cover 

8 

0 

1.54 

0.04 

0.74 

0.02 

P.  glandulosa! light  cover 

12 

2 

1.84 

0.22 

0.75 

0.05 

Open/dense  cover 

7 

2 

1.06 

0.09 

0.57 

0.02 

Open/light  cover 

12 

1 

1.63 

0.06 

0.67 

0.03 

AN  OVA  P-value 

P.  glandulosa  canopy 

Woody  plant  cover 

Interaction 

0.5291 

0.0175 

0.5291 

0.0497 

0.0239 

0.3218 

0.0224 

0.2018 

0.2995 

Forb 

P.  glandulosa! dense  cover 

6 

2 

1.44 

0.16 

0.87 

0.05 

P.  glandulosalUght  cover 

9 

1 

1.57 

0.04 

0.73 

0 

Open/dense  cover 

5 

1 

1.34 

0.14 

0.84 

0.02 

Open/light  cover 

8 

0 

1.26 

0.26 

0.61 

0.13 

ANOVA  P-value 

P.  glandulosa  canopy 

Woody  plant  cover 

Interaction 

0.6213 

0.0327 

1.0000 

0.2985 

0.8795 

0.5898 

0.3286 

0.0531 

0.5269 

Forb  and  grass  cover,  frequency,  and  density  estimates  were  analyzed 
by  a  two-way  analysis  of  variance  (AN OVA)  with  mesquite  canopy  and 
overall  woody  plant  canopy  cover  as  the  main  effects.  Frequency 
estimates  were  rank  transformed  prior  to  analysis.  All  statistical 
comparisons  were  considered  significant  at  P  <  0.05. 


Results 

Grass  (P  =  0.0175)  and  forb  (P  =  0.0327)  richness  was  greatest  on 
sites  that  supported  light  woody  plant  cover  (Table  1).  Grass  diversity 
was  greater  (P  =  0.0497)  under  P.  glandulosa  and  was  higher  (P  = 
0.0239)  on  sites  with  light  woody  plant  cover.  Grass  (P  <  0.0001)  and 
forb  (P  =  0.0295)  cover  was  greatest  on  sites  with  light  woody  plant 
cover  (Table  2).  Litter  was  greatest  (P  =  0.0003)  under  P.  glandulosa , 
while  bare  ground  was  greater  (P  =  0.0003)  in  herb-dominated  inter¬ 
space. 


Eragrostis  lehmanniana  density  was  higher  (P  =  0.0012)  in  herb- 
dominated  interspaces  (Table  3).  Red  lovegrass  ( Eragrostis  secundi- 
flora)  and  fringed  signalgrass  ( Urochloa  ciliatissima)  density  was  greater 
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Table  2.  Percent  cover  (%)  of  grass,  forbs,  litter  and  bare  ground  beneath  Prosopis 
glandulosa  canopies  and  in  herb-dominated  interspaces  on  sites  with  light  ( n  =  2)  and 
dense  ( n  =  2)  woody  plant  canopy  cover  on  the  Chaparral  Wildlife  Management  Area, 
Dimmit  and  LaSalle  Counties,  Texas,  1999. 


Treatment 

Grass 

Forb 

Litter 

Bare  ground 

x  SE 

x  SE 

x  SE 

x  : 

SE 

P.  glandulosa! dense  cover 

39 

0 

4 

0 

69 

6 

20 

7 

P.  glandulosa! light  cover 

62 

0 

8 

1 

60 

2 

15 

4 

Open/dense  cover 

42 

1 

2 

1 

15 

1 

78 

1 

Open/light  cover 

63 

1 

9 

3 

24 

4 

60 

4 

ANOVA  P-value 

P.  glandulosa  canopy 

0.1019 

0.9268 

0.0003 

0.0003 

Woody  plant  cover 

<0.0001 

0.0295 

0.9596 

0.0556 

Interaction 

0.2870 

0.4406 

0.0679 

0.2275 

in  the  interspace  (P  =  0.0175  and  P  =  0.0008,  respectively)  and  on 
sites  with  light  woody  plant  cover  (P  =  0.0238  and  P  =  0.0416, 
correspondingly).  There  was  a  significant  interaction  (P  =  0.0238  and 
P  =  0.0501,  respectively)  with  both  species  having  greatest  densities  in 
the  interspace  on  sites  with  light  woody  cover.  Texas  bristlegrass 
(Setaria  texana )  was  more  abundant  (P  =  0.0009)  inside  the  dripline  of 
P.  glandulosa  canopies.  Woody  plant  cover  did  not  affect  densities  of 
S.  texana  beneath  P.  glandulosa.  Erect  day  flower  ( Commelina  erecta ) 
densities  were  greater  under  P.  glandulosa  ( P  =  0.0017)  and  on  sites 
with  light  woody  cover  (P  =  0.0297).  Silky  evolvulus  ( Evolvulus 
alsinoides)  was  more  abundant  {P  =  0.0482)  within  the  dripline  of  P. 
glandulosa  and  the  herb-dominated  interspace  on  sites  with  light  woody 
plant  cover.  Densities  of  sida  {Sida  sp.)  were  greater  under  P.  glandu¬ 
losa  (P  =  0.0065)  and  on  sites  with  dense  woody  cover  (P  =  0.0156). 
There  was  a  significant  interaction  (P  =  0.0065),  with  greatest  Sida 
densities  inside  the  dripline  of  P.  glandulosa  on  sites  with  dense  woody 
plant  cover. 

Percent  foliar  cover  of  E.  lehmanniana  (JP  =  0.0009),  E.  secundiflora 
( P  =  0.0144),  and  U.  ciliatissima  (P  =  0.0111)  were  greater  in  the 
herb-dominated  interspace  (Table  4).  Cover  of  E.  secundiflora  was 
greatest  (P  =  0.0215)  on  sites  with  light  woody  plant  cover.  There  was 
a  significant  interaction  (P  =  0.0215),  with  E.  secundiflora  cover  being 
greater  in  the  interspace  on  sites  with  light  woody  plant  cover.  Chloris 
cucullata  had  higher  (P  =  0.0468)  cover  values  beneath  P.  glandulosa. 
Southern  witchgrass  ( Panicum  capillariodies )  cover  was  greater  under 
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P.  glandulosa  (P  =  0.0055)  and  on  sites  with  light  woody  plant  cover 
(P  =  0.0058).  There  was  a  significant  interaction  (P  =  0.0058),  with 
P.  capillariodies  having  greatest  cover  values  beneath  P.  glandulosa  on 
sites  with  light  woody  cover.  Coverage  by  S.  texana  was  greatest  under 
P.  glandulosa  ( P  <  0.0001)  and  on  sites  with  dense  woody  plant  cover 
(P  =  0.0038).  There  was  a  significant  interaction  (P  =  0.0038),  with 
S.  texana  having  greatest  cover  values  beneath  P.  glandulosa  on  sites 
with  dense  woody  plant  cover.  Commelina  erecta  cover  was  greater  (P 
=  0.0002)  within  the  dripline  of  P.  glandulosa.  Cover  estimates  for 
Sida  mirrored  density  responses  (P.  glandulosa  canopy,  P  =  0.0070; 
woody  cover,  P  =  0.0113;  interaction  P  —  0.0056). 

Bouteloua  hirsuta  (P  =  0.0119),  E.  lehmanniana  ( P  =  0.0006),  E. 
secundiflora  (P  =  0.0109),  and  U.  ciliatissima  (P  =  0.0009)  were  more 
commonly  encountered  in  the  herb-dominated  interspace  (Table  5). 
Eragrostis  secundiflora  more  frequently  encountered  (P  =  0.0473)  on 
sites  with  light  woody  plant  cover.  There  was  a  significant  interaction 
between  effects  in  regards  to  B.  hirsuta  (P  =  0.0463)  and  E.  secundi¬ 
flora  ( P  =  0.0473),  with  both  species  being  more  common  in  the  inter¬ 
space  on  sites  with  light  woody  plant  cover.  Frequency  of  occurrence 
of  S.  texana  {P  <  0.0001)  and  P.  capillariodies  {P  =  0.0203)  was 
greater  underneath  P.  glandulosa.  Set  aria  texana  was  more  common  (P 
=  0.0394)  on  sites  with  dense  woody  plant  cover,  while  P.  capillario¬ 
dies  was  more  frequently  encountered  (P  =  0.0203)  on  areas  with  light 
woody  cover.  There  was  a  significant  interaction  for  both  species,  with 
S.  texana  (P  =  0.0394)  being  more  frequently  encountered  within  the 
dripline  of  P.  glandulosa  on  sites  with  dense  woody  plant  cover  and  P. 
capillariodies  {P  =  0.0203)  being  more  common  under  P.  glandulosa 
canopies  on  sites  with  light  woody  cover.  Thin  paspalum  ( Paspalum 
setaceum)  was  more  commonly  encountered  (P  =  0.0451)  inside  the 
dripline  of  P  glandulosa ,  as  well  as  the  herb-dominated  interspace  on 
areas  with  light  woody  plant  cover.  Commelina  erecta  (P  =  0.0473), 
E.  alsinoides  ( P  =  0.0067),  and  C.  fasciculata  ( P  —  0.01 18)  were  more 
common  on  sites  with  light  woody  plant  cover.  Percent  frequency  of  C. 
erecta  was  greatest  (P  =  0.0014)  under  P.  glandulosa. 

Discussion 

The  influence  of  Prosopis  on  perennial  grasses  was  similar  to  results 
reported  from  other  arid  and  semi-arid  environments  (Tiedemann  1970; 
Yavitt  &  Smith  1983;  Haque  et  al.  1991).  Setaria  texana  demonstrated 
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a  strong  affiliation  with  P.  glandulosa  having  greater  values  beneath  P. 
glandulosa  for  all  indices  measured.  This  positive  relationship  is  similar 
to  that  between  plains  bristlegrass  ( S .  macrostachya)  and  velvet  mesquite 
( P .  juliflora)  (Teidemann  1970;  Yavitt  &  Smith  1983).  Absence  of  S. 
texana  in  the  interspace  might  suggest  that  it  is  heliophobic;  however, 
S.  texana  can  increase  following  brush  removal  by  mechanical  means 
(Ruthven  et  al.  2000)  indicating  it  may  have  a  broad  range  of  tolerance 
to  light  intensity.  Greater  cover  and  occurrence  of  S.  texana  on  sites 
with  dense  woody  plant  cover  suggests  that  S.  texana  might  be  able  to 
more  efficiently  extract  soil  nutrients  than  other  grass  species.  Bristle- 
grasses  ( Setaria  sp.)  are  generally  considered  fair  to  good  forage  for 
livestock  and  wildlife  (Gould  1978).  Although  S.  texana  appears  to  be 
a  common  component  of  the  herbaceous  vegetative  community  in  south 
Texas,  little  is  known  of  its  forage  value. 

Other  native  grasses  showed  varying  degrees  of  response  to  the 
presence  of  P.  glandulosa.  The  presence  of  P.  capillariodies  was 
restricted  to  within  the  dripline  of  P.  glandulosa.  Its  occurrence  only 
on  sites  with  light  woody  plant  cover  may  indicate  an  inability  to  com¬ 
pete  with  woody  plants  for  nutrients.  Franco-Pizana  et  al.  (1995) 
theorized  that  extraction  of  nitrogen  from  the  soil  and  incorporation  of 
nitrogen  into  woody  plant  tissues  might  inhibit  further  establishment  of 
shrubs  beneath  P.  glandulosa  on  sites  with  high  P.  glandulosa  densities. 
Increased  competition  may  also  explain  the  reductions  in  occurrence  of 
P.  setaceum ,  B.  hirsuta  and  E.  secundiflora  on  sites  with  dense  woody 
plant  cover.  Urochloa  ciliatissima  appeared  to  prefer  direct  sunlight  and 
had  a  low  tolerance  for  shade,  as  it  was  almost  always  encountered  in 
the  herb-dominated  interspace.  Increasing  amounts  of  woody  plant 
cover  did  not  appear  to  inhibit  U.  ciliatissima ,  inferring  an  ability  to 
more  efficiently  extract  soil  nutrients  than  other  native  grass  species. 

Eragrostis  lehmanniana  was  the  most  common  grass  species  encoun¬ 
tered  in  the  herb-dominated  interspace.  This  introduced  perennial  is  an 
aggressive  invader  that  can  displace  native  grasses  and  quickly  become 
the  predominant  grass  species  (Anable  et  al.  1992).  Eragrostris 
lehmanniana  does  not  appear  to  adapt  well  to  shading  created  by  P. 
glandulosa.  The  negative  association  between  E.  lehmanniana  and 
Prosopis  was  similar  to  that  found  in  a  southern  Arizona  shrubland 
(Yavitt  &  Smith  1983).  The  ability  of  E.  lehmanniana  to  invade  open 
areas  on  sites  with  dense  woody  plant  cover  and  out-compete  native 
species  may  compound  any  effects  of  woody  plant  competition  and 
explain  reductions  in  grass  diversity  on  sites  with  dense  woody  cover. 
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The  microenvironment  created  beneath  P.  glandulosa  appears  to  have 
a  greater  influence  on  perennial  than  annual  forb  species.  Yavitt  & 
Smith  (1983)  reported  that  annual  forbs  were  more  common  in  open 
areas  between  shrubs,  which  did  not  concur  with  the  observations  in  this 
study.  Chamaecrista  fasciculata  was  the  only  annual  forb  encountered 
in  large  numbers  and  was  equally  common  under  P.  glandulosa  and  the 
herb-dominated  interspace.  The  establishment  of  C.  erecta  appears  to 
be  facilitated  by  P.  glandulosa ,  while  distribution  of  E.  alsinoides  was 
more  cosmopolitan  across  the  landscape.  Lower  densities  and  frequency 
of  occurrence  of  these  perennials  on  sites  with  dense  woody  plant  cover 
imply  reduced  vigor  from  competition. 

The  study  area  can  be  floristically  rich  in  regards  to  herbaceous 
species  (Whittaker  et  al.  1979).  The  lack  of  forb  richness  in  this  study 
may  be  a  result  of  little  precipitation  during  and  prior  to  sampling  and 
timing  of  sampling.  No  precipitation  was  recorded  during  the  20  day 
period  prior  to  the  initiation  of  data  collection  or  the  15  days  of  sample 
collection  and  sampling  was  conducted  four  months  following  peak 
flowering  of  cool  season  annuals. 

Forbs  such  as  C.  erecta  and  C.  fasciculata  are  an  important  dietary 
component  for  a  wide  variety  of  south  Texas  wildlife  including  white¬ 
tailed  deer  ( Odocoileus  virginianus)  (Everitt  et  al.  1999)  and  the  Texas 
tortoise  ( Gopherus  berlandieri)  (R.  Kazmaier,  pers.  comm.).  For  her¬ 
bivorous  species  such  as  O.  virginianus ,  greatest  nutritional  stress  can 
occur  during  the  summer  months  (Ruthven  et  al.  1994).  Although  O. 
virginianus  can  rely  on  woody  browse  when  forbs  become  scarce 
(Drawe  1968),  little  data  is  available  on  how  other  herbivores  cope  when 
forb  resources  become  limited.  The  ability  for  important  forbs  to  persist 
beneath  P.  glandulosa  during  summer  may  provide  forage  sources  for 
those  species  dependent  upon  them. 

Greater  amounts  of  litter  beneath  P.  glandulosa  were  consistent  with 
that  found  under  P.  juliflora  (cf.  Tiedemann  &  Klemmedson  1973). 
Large  amounts  of  organic  matter  combined  with  shade  may  increase  soil 
moisture  under  P.  glandulosa  canopies.  Additionally  shade  can  lower 
evaporative  demand  (Valiente-Banuet  &  Ezcurra  1991).  In  contrast, 
greater  amounts  of  bare  ground  in  the  interspace  can  result  in  increased 
solar  radiation  heating  the  surface  and  may  reduce  soil  moisture.  These 
conditions  may  allow  certain  forbs  to  persist  beneath  P.  glandulosa' 's 
canopy  during  extended  dry  periods,  which  are  typical  during  mid- 
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summer  in  south  Texas.  Although  not  quantified,  this  appears  to  be  the 
case  in  this  study,  as  many  perennial  forbs  found  within  the  dripline  of 
P.  glandulosa  were  erect  and  demonstrated  little  signs  of  drought  stress, 
while  most  forbs  in  open  areas  were  wilted  showing  signs  of  severe 
dehydration. 

Recently  there  has  been  much  controversy  centering  on  the  subject  of 
livestock  grazing,  especially  on  public  lands,  with  many  environmental 
groups  calling  for  the  removal  of  livestock  to  solve  the  problems  of  past 
neglect.  However,  many  rangelands  are  dependent  upon  herbivory  and 
livestock  removal  may  actually  have  negative  effects  on  biodiversity 
(Pieper  1994).  Increased  moisture  content  of  grasses  growing  in  shaded 
environments  may  increase  their  palatability  to  livestock  (Tiedemann  et 
al.  1971).  Tiedemann  &  Klemmedson  (1973)  state  that  cattle  seek  out 
palatable  forages  beneath  Prosopis  and  mortality  of  perennial  grasses  and 
forbs  may  occur  under  excessive  grazing  regimes.  The  grazing  system 
employed  on  the  study  site  does  not  appear  to  be  detrimental  to  herba¬ 
ceous  vegetation  beneath  P.  glandulosa ,  as  overall  cover  values  were 
similar  among  P.  glandulosa  and  the  interspace. 

Anthropogenic  impacts  are  continually  altering  south  Texas  land¬ 
scapes.  Land  ownership  and  use  in  south  Texas  has  shifted  toward 
smaller  landholdings  with  income  derived  from  wildlife  enterprises 
equaling  or  exceeding  that  from  livestock  production.  Wildlife  manage¬ 
ment  activities  generally  focus  on  prominent  game  species  such  as  O. 
virginianus  and  northern  bobwhite  ( Colinus  virginianus) .  Habitat 
management  for  these  species  generally  includes  some  form  of  brush 
management.  However,  optimum  habitat  requirements,  in  regards  to 
woody  plant  density,  cover,  and  arrangement,  for  these  species  can  vary 
dramatically.  When  brush  is  cleared  in  alternating  blocks,  with  50-70% 
of  woody  species  removed  O.  virginianus  densities  in  central  Texas 
increased  (Rollins  et  al.  1988).  In  south  Texas,  O.  virginianus  prefers 
areas  of  dense  woody  plant  cover  (>60%)  during  summer  (Steuter  & 
Wright  1980).  In  contrast,  C.  virginianus  generally  prefer  <15% 
woody  plant  cover  that  is  evenly  distributed  (Guthery  1986).  Require¬ 
ments  of  threatened  native  species  can  also  be  dissimilar.  For  instance, 
the  Texas  horned  lizard  ( Phrynosoma  comutum)  prefers  open  habitats 
(Whiting  et  al.  1993),  while  G .  berlandieri  avoid  sites  devoid  of  woody 
vegetation  (Kazmaier  2000).  If  maximizing  wildlife  productivity  is  a 
desired  goal,  a  network  of  woody  plant  communities  with  varying 
degrees  of  cover  need  to  be  established  and  maintained. 
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Prosopis  glandulosa  clearly  creates  microenvironments  that  benefit 
certain  herbaceous  species.  Greatest  diversity  and  abundance  of  her¬ 
baceous  species  seem  to  occur  on  sites  with  <60%  woody  plant  cover. 
Scattered  P.  glandulosa  clusters  appear  to  be  an  intermediate  succes- 
sional  stage  between  a  grassland/savanna  and  thorn  woodland  (Archer 
at  al.  1988).  As  P.  glandulosa  clusters  coalesce,  herbaceous  heliophytes 
may  succumb  to  shading  and  woody  plant  competition  and  facultative 
skiophytes  might  be  eliminated  by  competition  with  woody  species. 
Progression  of  this  transition  to  disci imax,  undoubtedly,  will  lead  to  a 
depauperate  herbaceous  plant  community. 
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GENERAL  NOTES 

CAULERPA  PROLIFERA  (CHLOROPHYTA:  CAULERPACEAE) 
FROM  THE  LAGUNA  MADRE  OF  SOUTH  TEXAS 

Ned  E.  Strenth 

Department  of  Biology,  Angelo  State  University 
San  Angelo,  Texas  76909 


On  21  November  1998,  large  numbers  of  specimens  of  the  macro- 
phytic  green  algal  species  Caulerpa  prolifera  (Forsskal)  Lamouroux 
were  observed  along  the  west  coast  of  the  southern  tip  of  South  Padre 
Island.  A  strong  northwest  wind  had  served  to  deposit  these  specimens 
among  the  drift  just  above  the  high  water  line  approximately  500  m 
south  of  the  U.S.  Coast  Guard  Station.  Because  no  specimens  were 
observed  growing  naturally  in  place,  additional  trips  were  made  to  the 
area  to  verify  the  presence  of  this  species  at  South  Padre  Island. 

On  6  December  1998,  a  strong  south/southwest  wind  had  deposited 
large  numbers  of  specimens  of  Caulerpa  prolifera  among  the  drift  at  the 
water’s  edge  just  50  m  south  of  the  Coast  Guard  Station.  A  single 
specimen  was  found  attached  to  the  substrate  at  a  shallow  subtidal  depth 
of  less  than  0.5  m.  The  substrate  of  the  surrounding  area,  much  of 
which  was  exposed  at  low  tide,  was  characterized  by  the  presence  of  the 
sea  grasses  Halophila  engelmannii  Ascherson,  Syringodium  filiforme 
(Kuetzing)  O.  S.  Correll  and  Thalassia  testudinum  Koenig  et  Sims.  On 
31  December  1998,  numerous  specimens  of  Caulerpa  prolifera  were 
observed  growing  in  the  soft  shallow  substrate  of  an  area  approximately 
150  m  south  of  the  Coast  Guard  Station.  During  a  very  low  tide, 
specimens  were  observed  in  water  0.5  m  deep  and  only  10  m  from  the 
shoreline. 

Two  species  of  this  green  algal  genus  have  previously  been  reported 
from  the  southern  coast  of  Texas.  Humm  &  Hildebrand  (1962:242) 
reported  the  presence  of  both  Caulerpa  mexicana  (Sonder)  J.  Agardh 
and  Caulerpa  sertularoides  (Gmelin)  Howe  from  the  South  Laguna 
Madre.  Sorensen  (1979:33)  provided  additional  information  relative  to 
the  habitat  and  seasonality  of  C  mexicana  at  South  Padre  Island. 
Caulerpa  prolifera  has  not  previously  been  reported  from  the  north¬ 
western  Gulf  of  Mexico.  This  study  and  that  of  DeYoe  &  Hockaday 
(2001)  represent  the  first  records  of  this  species  for  the  coast  of  Texas. 
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Herbarium  mounts  of  specimens  collected  and  examined  during  the 
course  of  this  study  are  deposited  with  the  holdings  of  the  Phycologial 
Collections  (PH)  of  the  Center  for  Coastal  Studies  Herbarium  of  Texas 
A&M  University-Corpus  Christi  under  the  direction  of  Dr.  Roy  L. 
Lehman. 


Caulerpa  prolifera  (Forsskal)  J.  V.  Lamouroux 

Material  examined.—  South  Padre  Island,  Cameron  County,  Texas,  21 
November  1998  (PH200 1-001);  6  December  1998  (PH200 1-002);  31 
December  1998  (PH200 1-003,  2001-004). 

Distribution.—  Although  two  additional  species  of  Caulerpa  have  been 
reported  from  the  southern  Laguna  Madre,  this  appears  to  be  the  first 
documented  record  of  Caulerpa  prolifera  for  the  Texas  coast.  Taylor 
(1928: 100)  gives  the  distribution  of  C.  prolifera  as  "North  Carolina  to 
Florida:  Bermuda:  throughout  the  West  Indies,  cosmopolitan  in  the 
tropics".  Taylor  (1960:140)  later  extended  this  distribution  to  include 
Mexico.  Campa  de  Guzman  (1965: 17)  in  a  study  of  the  marine  flora  of 
the  state  of  Veracruz,  reported  Caulerpa  prolifera  from  only  a  single 
location  at  Barra  de  Corazones  north  of  Tuxpan.  This  is  the  closest 
known  previous  record  of  this  species  to  the  Texas  coast  and  is  approxi¬ 
mately  570  km  south  of  South  Padre  Island. 

Variation.  —Specimens  (PH200 1  -003 , 200 1  -004)  of  Caulerpa  prolifera 
observed  growing  in  place  in  the  soft  substrate  of  the  south  Laguna 
Madre  vary  somewhat  from  earlier  descriptions  of  this  species.  Taylor 
(1960:140)  described  C.  prolifera  as  "forming  large  colonies"  with  the 
"sparingly  branched  stolons  wide-spreading".  Rather  than  wide-spread¬ 
ing,  the  stolons  of  specimens  observed  during  this  study  in  the  South 
Laguna  Madre  were  found  to  occur  in  tightly  confined  circular  clumps. 
Five  of  these  clumps  were  selected  at  random  and  closely  examined. 
Each  was  approximately  5  cm  in  diameter  (of  the  total  area  covered  by 
the  base)  and  exhibited  5,  8,  10,  14  and  15  basal  erect  fronds  respective¬ 
ly.  These  circular  clumps  were  "bush-like"  in  general  appearance  and 
ranged  from  170  to  280  mm  in  height.  This  lack  of  the  formation  of 
"large  colonies"  may  be  the  result  of  the  fact  that  these  specimens  were 
growing  in  substrate  among  a  dense  population  of  the  sea  grass  Syringo- 
diutn  filiforme.  Specimens  conforming  to  the  typical  morphology  (with 
sparingly  branched  long  stolons)  of  C.  prolifera  were  relatively  numer¬ 
ous  among  the  drift  material  on  all  three  collecting  trips.  These  speci¬ 
mens  are  thought  to  have  originated  from  nearby  (and  possibly  deeper) 
substrates  which  were  less  densely  covered  with  sea  grasses. 
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Caulerpa  prolifera  forma  obovata  J.  Agardh 

Material  examined, —South  Padre  Island,  Cameron  County,  Texas,  21 
November  1998  (PH200 1-005).  Although  specimens  of  this  subspecies 
were  collected  along  with  specimens  of  C.  prolifera  among  the  drift 
material  during  all  three  collecting  trips,  no  specimens  of  C.  prolifera 
forma  obovata  were  observed  growing  in  place  during  this  study. 

Remarks .  — Specimens  of  C.  prolifera  obovata  are  distinguished  from 
those  of  C.  prolifera  by  differences  in  lengths  and  widths  of  the  fronds. 
Taylor  (1960:140)  describes  C.  prolifera  as  having  blades  which  are 
"oval  to  linear-oblong  ....  3-13  mm.  wide,  3-15  cm.  long"  and  C 
prolifera  obovata  with  blades  "oval  to  obovate,  15-25  mm.  broad,  25-55 
(-100)  mm.  long". 

Resumen. — Caulerpa  prolifera  y  Caulerpa  prolifera  forma  obovata  se 
reportaron  de  aguas  de  poca  profundidad  de  Laguna  Madre  del  Tejas  de 
sur.  La  distribucion  de  esta  especie  de  alga  marina  en  el  Golfo  de 
Mexico  y  la  variacion  en  morfologia  sobre  los  estolones  de  muestras  se 
discutieron. 
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RANGE  EXTENSIONS  OF  THE  SEAWEEDS 
CODIUM  TAYLORII  AND  CAULERPA  PROLIFERA  INTO 
THE  LOWER  LAGUNA  MADRE,  TEXAS 

Hudson  R.  DeYoe  and  Donald  L.  Hockaday 

Department  of  Biology,  University  of  Texas-Pan  American 
Edinburg,  Texas  78539  and 

Coastal  Studies  Laboratory,  University  of  Texas-Pan  American 
South  Padre  Island,  Texas  78597 


Between  January  1999  and  April  2000  two  chlorophyte  algae,  Codium 
taylorii  Silva  and  Caulerpa  prolifera  F.  obovata  (Forsskal)  Lamouroux 
were  found  in  the  lower  Laguna  Madre  (LLM).  Both  are  coenocytic 
algae  and  are  members  of  the  chlorophyte  class  Bryopsidophyceae  (van 
den  Hoek  et  al.  1995).  The  species  descriptions  in  Taylor  (1960)  were 
used  in  the  identification  of  the  specimens.  Herbarium  specimens  have 
been  deposited  at  the  University  of  Texas-Pan  American  Coastal  Studies 
Laboratory  (accession  numbers  CO  10  -  C.  prolifera ,  C01 1  -  C.  taylorii ), 
University  of  California  at  Berkeley  (UC 1753606  -  C.  taylorii ), 
University  of  Michigan  and  the  University  of  Texas  Marine  Science 
Institute. 

Thalli  of  Codium  taylorii  were  initially  obtained  from  shrimp  trawls 
taken  in  the  Brazos-Santiago  Pass  in  January  1999  and  consisted  of 
incomplete  specimens.  In  July  2000,  approximately  a  dozen  attached 
specimens  were  found  growing  on  rocks  at  the  base  of  the  seawall  of  the 
U.S.  Coast  Guard  station  (26°  4.4’N,  97°  10.0’W)  at  the  tip  of  South 
Padre  Island  in  water  about  1  m  deep.  Except  under  extreme  low  tides, 
these  plants  would  not  be  exposed  to  air.  No  other  Codium  specimens 
have  been  previously  reported  for  the  Laguna  Madre. 

In  April  2000,  Caulerpa  prolifera  F.  obovata  was  found  during  a 
student  seining  exercise  in  the  Laguna  Madre  at  the  southern  tip  of 
South  Padre  Island.  These  specimens  were  collected  in  water  about  0.5 
m  deep  along  with  blades  of  Thalassia  testudinum.  In  July  2000, 
significant  numbers  of  shoots  ( >  50)  were  found  growing  attached  to  a 
silty-sand  bottom  near  the  middle  of  the  bay  (26°  07.35’  N,  97°  13.82’ 
W)  in  water  about  1.5  m  deep  and  since  that  time  specimens  have  been 
found  at  other  locations  in  the  LLM.  Shoots  were  found  growing  on 
unconsolidated  sediment  and  among  shoots  of  Thalassia  testudinum  and 
Syringodium  filiforme. 
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Three  other  Caulerpa  species  have  been  reported  for  south  Texas:  C. 
crassifolia ,  C.  mexicana  and  C.  sertularoides  (Humm  &  Hildebrand 
1962:  Baca  et  al.  1979).  C.  crassifolia  has  been  considered  conspecific 
with  C.  mexicana  as  proposed  by  Papenfuss  (1956)  (M.  Wynne  pers. 
comm.).  This  study  and  that  of  Strenth  (2001)  represent  the  first 
records  of  C.  prolifer  a  for  the  Texas  Coast. 

Both  of  these  species  are  found  eastward  and  southward  of  south 
Texas  in  the  Gulf  of  Mexico.  Codium  taylorii  occurs  in  Veracruz, 
Mexico  (Lehman  &  Tunnel  1992:  Taylor  1960)  and  has  also  been  found 
at  the  East  Flower  Garden  Coral  Bank  in  the  northwestern  Gulf  of 
Mexico  (27°  54.5’N,  93°35.82’W)  (Eiseman  &  Blair  1982).  Caulerpa 
prolifera  has  been  collected  from  the  Chandeleur  Islands,  Louisiana 
(Humm  &  Darnell  1959)  and  it  also  occurs  in  Florida  (White  & 
Snodgrass  1990)  as  well  as  the  eastern  coast  of  Mexico  (Taylor  1960). 

Interestingly,  Halimeda  incrassata,  another  coenocytic  green  alga, 
was  reported  recently  from  the  southern  end  of  the  LLM  (Kaldy  1996). 
This  alga  has  also  been  recorded  from  Florida  and  Mexico  (Taylor 
1960).  All  three  algae  are  relatively  small  and  could  have  been  over¬ 
looked  for  years  but  it  seems  doubtful.  More  likely,  all  three  are 
relatively  recent  introductions  that  have  established  themselves  in  the 
LLM. 

The  occurrence  of  all  three  species  in  the  LLM  may  be  related  to  the 
fact  that  no  severe  cold  spells  have  occurred  in  south  Texas  for  at  least 
the  last  five  winters.  Water  temperatures  during  the  past  five  winters 
(1995-96  through  1999-00)  at  the  South  Padre  Island  Coast  Guard 
Station  and  nearby  Port  Isabel  have  not  dropped  below  5°C  and  periods 
below  10°C  have  lasted  only  a  few  days  (TCOON  2000).  Kaldy  (1996) 
reported  that  from  January  1995  to  January  1996  temperatures  about  4 
nautical  miles  north  of  the  Coast  Guard  Station  did  not  drop  below 
14°C.  It  is  unknown  to  what  degree  salinity  changes  could  influence  the 
survival  of  these  species.  Sorensen  (1970)  reported  the  extirpation  of 
Penicillus  capitatus  from  the  LLM  following  an  extended  period  of  low 
salinity.  A  study  of  the  thermal  and  salinity  tolerance  of  these  new 
introductions  seems  in  order  to  determine  if  they  can  be  considered 
permanent  residents  of  south  Texas  or  ephemeral  species  that  are  living 
on  the  edge  of  their  distributions. 

Caulerpa  prolifera  may  be  a  significant  introduction  to  south  Texas 
waters  as  it  grows  in  the  same  habitat  as  the  seagrasses  Thalassia 
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testudinum  and  Syringodium  filiforme.  It  is  unknown  if  C.  prolifer  a  will 
be  a  significant  space  competitor  with  the  seagrasses.  Furthermore,  it 
should  be  noted  that  C.  prolifera  was  found  growing  on  loose  uncon¬ 
solidated  dredge  material  in  the  LLM.  It  appears  to  be  a  pioneer  species 
and  so  may  be  able  to  stabilize  dredge  material. 
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THE  SOUTHEASTERN  MYOTIS,  MYOTIS  AUSTRO Rl PARI  US 
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FROM  COMANCHE  COUNTY,  TEXAS 

Jana  L.  Higginbotham  and  Clyde  Jones 

Department  of  Biological  Sciences  and  the  Museum 
Texas  Tech  University 
Lubbock,  Texas  79409-3191 


The  southeastern  myotis  ( Myotis  austrorip arius)  has  a  geographic 
range  from  southern  Illinois  and  Indiana  in  the  north,  east  to  southern 
North  Carolina.  The  range  then  extends  south  to  the  northern  one-half 
of  the  peninsula  of  Florida,  and  westward  along  the  Gulf  Coast  into 
southeastern  Oklahoma  and  eastern  Texas  (Hall  1981;  Jones  &  Manning 
1989;  Schmidly  1991;  Choate  et  al.  1994;  Davis  &  Schmidly  1994). 

The  distribution  of  M.  austroriparius  is  somewhat  restricted  in  eastern 
Texas,  where  it  was  generally  thought  to  be  rare  (Schmidly  1991).  The 
first  record  of  this  species  in  Texas  was  reported  by  Packard  (1966) 
from  Bowie  County  in  extreme  northeastern  Texas.  The  recent  findings 
included,  the  occurrence  of  the  southeastern  myotis  has  now  been 
documented  in  23  Texas  counties  (Schmidly  1983;  Davis  &  Schmidly 
1994;  Horner  1995;  Walker  et  al.  1996;  Horner  &  Mirowsky  1996; 
Mirowsky  &  Horner  1997;  Horner  &  Maxey  1998). 

This  report  presents  the  first  record  of  M.  austroriparius  from 
Comanche  County,  Texas,  which  is  approximately  240  kilometers  west 
of  the  known  range  of  the  species  in  the  state.  The  southeastern  myotis 
was  previously  reported  only  from  areas  east  of  the  Balcones  Fault  Zone 
(Schmidly  1983;  1991;  Davis  &  Schmidly  1994).  On  23  October  1995, 
one  male  adult  bat  (VR5  8673)  was  submitted  to  the  Zoonosis  Control 
Division  of  the  Texas  Department  of  Health  (TDH)  for  rabies  testing. 
Following  the  rabies  assay,  which  was  negative,  the  bat  was  sent  to 
Texas  Tech  University  for  identification.  The  specimen,  preserved  in 
fluid,  is  deposited  in  the  Collection  of  Recent  Mammals  in  the  Natural 
Science  Research  Laboratory  of  the  Museum  of  Texas  Tech  University 
(TTU  82460). 

In  east  Texas,  the  species  is  closely  associated  with  bottomland 
hardwood  forests  (Schmidly  1983),  where  it  appears  to  prefer  tupelos 
(Nyssa)  as  roosting  sites  (Mirowsky  &  Horner  1997).  Comparison  of 
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the  habitat  in  eastern  Texas  to  that  of  Comanche  County  reveals  quite  a 
contrast.  Croplands  dominate  the  northern  and  central  portions  of  the 
county,  whereas  the  southern  part  supports  native  grasses,  and  oak/ 
mesquite/juniper  woods  (McMahan  et  al.  1984).  This  new  record  from 
Comanche  County  expands  on  the  historical  perception  that  M. 
austroriparius  in  Texas  is  restricted  to  the  piney  woods,  and  gulf  prairies 
and  marshes  of  east  Texas,  and  further  substantiates  evidence  for  a 
westward  range  expansion  in  M.  austroriparius . 

Although  the  southeastern  myotis  apparently  is  rather  abundant  in 
Louisiana  (LaVal  1970;  Lowery  1974),  the  species  is  considered  as 
somewhat  uncommon  in  Texas  (Davis  &  Schmidly  1994).  Mirowsky  & 
Horner  (1997)  suggest  that  the  southeastern  myotis  is  more  prevalent  in 
eastern  Texas  than  originally  thought,  as  it  was  the  most  abundant 
species  in  their  survey  of  species  of  bats  in  east  Texas.  However,  this 
is  a  species  of  concern  for  the  Texas  Parks  and  Wildlife  Department 
with  regard  to  conservation  plans  (Jones  1993;  Linam  1995).  Of  the  23 
Texas  counties  from  which  the  species  is  now  known,  records  from  four 
are  documented  on  the  basis  of  specimens  submitted  to  the  TDH.  Speci¬ 
mens  received  from  the  TDH  are  important  for  mapping  the  geographic 
distributions  of  M.  austroriparius  and  other  bat  species  in  Texas.  For 
some  additional  comments  on  the  importance  of  retaining  specimens 
provided  by  the  TDH  in  appropriate  repositories,  see  the  reports  by 
Yancey  &  Jones  (1996;  1997). 
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Howard  County  is  in  the  extreme  southern  part  of  the  High  Plains. 
Within  the  county,  there  is  a  junction  point  of  the  Edwards  Plateau, 
Llano  Estacado  and  the  rolling  plains,  with  the  Chihuahuan  Desert 
extending  to  within  50  km  west  of  the  county. 

A  number  of  mammal  species  have  been  reported  from  Howard 
County.  Goetze  (1998)  listed  25  species  from  the  northern  extreme  of 
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his  survey  of  the  Edwards  Plateau,  while  Choate  (1997)  listed  19  species 
from  his  study  of  the  Llano  Estacado.  Davis  &  Schmidly  (1994)  listed 

29  species  in  their  distributional  maps  of  mammals  in  Texas. 

A  mammal  survey  of  Howard  County  was  conducted  from  28 
December  1990  to  8  July  1998.  The  county  was  divided  into  25  zones, 
with  each  zone  measured  at  approximately  9.5  km2.  A  minimum  of 
three  sets  of  traps  were  situated  in  each  zone,  with  each  set  containing 

30  traps.  Eighty-five  sets  of  traps  were  placed  throughout  the  county  for 
a  total  of  2,550  trap  nights.  When  possible,  some  specimens  were 
caught  by  hand.  Most  specimens  reported  in  this  paper  were  either 
road- kill  salvages  or  brought  in  by  the  public. 

During  this  study,  404  specimens  were  collected  and  placed  in  the 
Angelo  State  Natural  History  Collection  (ASNHC).  Of  these  specimens 
collected,  nine  species  had  never  been  reported  within  the  county. 
Information  about  each  species  representing  new  county  records  is 
presented  in  the  following  accounts.  Collection  dates  are  given  for  those 
species  in  which  reproductive  data  is  reported. 

Species  Accounts 

Procyon  lotor  (common  raccoon).— (ASNHC  8142,  8503,  8504, 
8648)  This  animal  commonly  is  known  to  range  throughout  Texas  and 
was  expected  to  occur  in  Howard  County.  All  four  specimens  collected 
were  road-kill  carcasses.  Specimens  ASNHC  8142  (2  April  1991)  and 
8503  (28  November  1993)  were  males  with  testes  of  32  by  27  mm  and 
35  by  22  mm,  respectively.  The  other  two  specimens  were  decomposed 
and  only  their  skulls  were  retrieved. 

Dasypus  novemcinctus  (nine-banded  armadillo).— (ASNHC  8645, 
9640)  The  species  does  not  appear  to  be  as  numerous  in  Howard  County 
as  in  areas  of  Texas  to  the  south  and  east.  Specimen  ASNHC  8645  (24 
September  1994)  was  female  and  carried  no  embryos. 

Conepatus  mesoleucus  (common  hog-nosed  skunk). — (ASNHC  8500, 
26  August  1992)  This  specimen  was  a  female,  found  east  of  Big  Spring, 
with  no  embryos  and  only  the  skull  was  catalogued.  This  large  skunk 
seems  to  be  infrequent  in  Howard  County. 

Didelphis  virginiana  (Virginia  opossum). — (ASNHC  8488,  8489, 
8490,  10220,  10221)  This  marsupial  is  common  in  the  county  and 
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frequently  is  seen  in  the  city  of  Big  Spring.  Specimen  ASNHC  8488 
(29  October  1992)  was  a  female  that  carried  no  embryos.  Specimen 
8489  (29  October  1992)  was  a  male  with  testes  of  16  mm  by  10  mm. 
Specimens  ASNHC  8490,  10220  and  10221  were  badly  damaged 
road-kills  and  only  their  skulls  were  collected. 

Odocoileus  virginianus  (white-tailed  deer).— (ASNHC  8505,  8506, 
8646,  10108,  10109)  The  white-tailed  deer  is  common  in  the  area  and 
according  to  many  local  hunters  shares  the  county  with  the  mule  deer 
( Odocoileus  hemionus).  All  specimens  were  road-kill  salvages. 

Cryptotis parva  (least  shrew). — (ASNHC  8491 ,  10201-05)  This  shrew 
was  not  expected  to  occur  in  Howard  County.  As  a  part  of  this  study, 
Simpson  (1999)  reported  a  substantial  range  extension  on  the  least 
shrew.  He  reported  four  female  shrews  (ASNHC  10201,  10203-05)  that 
had  no  embryos  and  one  male  (ASNHC  8491 , 29  April  1994)  with  testes 
of  4  mm  by  3  mm.  Specimen  10202  was  salvaged  from  a  pitfall  trap, 
and  its  gender  was  undetermined. 

Sciurus  niger  (eastern  fox  squirrel). — (ASNHC  8518)  This  female 
squirrel  had  no  embryos.  The  specimen  was  trapped  with  a  Havahart 
trap  in  a  pecan  orchard  near  a  riparian  setting.  The  80  year-old  land 
owner  reported  that  fox  squirrels  have  been  common  at  that  location 
since  "he  was  a  young  boy."  According  to  Davis  &  Schmidly  (1994) 
this  is  a  slight  range  extension  to  the  north  and  west. 

My otis  velifer( cave  myotis). — (ASNHC  1 1022, 1 1023)  Both  specimens 
were  brought  in  badly  decomposed  after  a  local  resident  had  discovered 
them  in  an  open  mail  box.  She  closed  the  box  and  it  appeared  that  they 
died  later  that  day  from  the  heat.  No  specific  gender  was  concluded. 

Antilocapra  americana  (pronghorn).— (ASNHC  8507)  This  specimen 
was  discovered  in  the  southwest  corner  of  the  county.  It  was  unex¬ 
pected  to  be  found  in  that  part  of  the  county.  The  specimen’s  horns  had 
been  removed  and  it  was  an  apparent  road-kill.  Herds  of  this  species 
had  been  observed  by  the  junior  author  in  the  extreme  northern  part  of 
Howard  County  and  into  Borden  County  directly  north  of  Howard 
County. 
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ZOOPLANKTON  COMMUNITY  STRUCTURE  AND 
SEASONAL  DYNAMICS  IN  LAKE  TEXOMA 
(OKLAHOMA-TEXAS) 

Jessica  L.  Franks,  Gerald  A.  Clyde  and  Kenneth  L.  Dickson 

USEPA,  Region  6,  Watershed  Management  Section 
1445  Ross  Ave.  (6WQ-EW),  Dallas,  Texas  75202-2733 
US. ACE,  Tuba  Dbtrict,  8321  E.  13th  St. 

Tulsa,  Oklahoma  74112  and 
Institute  of  Applied  Sciences,  University  of  North  Texas 
Denton,  Texas  76203 

Abstract.— Seventy-one  species  of  zooplankton  were  identified  from  16  stations  within 
five  zones  in  Lake  Texoma  (Oklahoma-Texas)  over  a  14-month  period  beginning  August 
1996.  Whole  lake  mean  monthly  densities  were  greatest  in  mid-May  (199.4  org/L)  and  least 
in  mid-June  (83.9  org/L).  Mean  zooplankton  density  was  a  third  greater  in  the  Red  River 
arm  compared  to  the  Washita  River  arm  and  Main  Lake  zone.  Percent  composition  was 
similar  among  the  five  zones  with  rotifers  making  up  the  largest  proportion  followed  by  the 
nauplii,  cladocera,  cyclopoid  copepods  and  calanoid  copepods.  Bray-Curtis  Similarity  Index 
at  the  genus  level  showed  zooplankton  community  composition  was  most  similar  between  the 
Red  River  zone  and  Red  River  Transition  zone,  Washita  River  zone  and  Washita  River 
Transition  zone  and  Main  Lake  zone  with  the  Main  Lake  zone  being  most  similar  to  the  Red 
River  arm.  Lake  Texoma  can  be  classified  as  eutrophic  based  upon  the  presence  of  rotifer 
and  cladoceran  indicator  species  and  the  ratio  of  calanoid  to  cyclopoid  copepods  plus 
cladoceran  species. 


Few  studies  have  been  published  on  zooplankton  dynamics  in  Lake 
Texoma,  the  majority  of  which  have  concentrated  on  the  Red  River  arm. 
Pettitt  (1976)  examined  zooplankton  densities  and  limnological  parame¬ 
ters  as  a  part  of  an  intensive  whole  lake  water  quality  study  for  a  single 
month,  December  1975.  According  to  his  study,  rotifer  and  crustacean 
populations  were  indicative  of  eutrophic  conditions.  Additionally,  he 
reported  that  zooplankton  diversity  was  greater  in  the  headwaters 
compared  to  that  of  the  main  lake  body. 

Crist  (1980)  observed  that  zooplankton  spatial  distributions  within 
three  stations  in  Lake  Texoma  were  heavily  influenced  by  nutrient  and 
salt  input  from  the  Red  River  resulting  in  dense  populations  in  the  Red 
River  arm. 

Threlkeld  (1982)  suggested  that  the  silty  inflow  from  the  Red  River 
altered  Cladoceran  reproduction  and  individual  growth  rates,  reduced 
predation  from  visually  oriented  predators,  influenced  vertical  and 
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horizontal  migration,  and  influenced  the  initiation  of  diapause. 
Dirnberger  &  Threlkeld  (1986)  examined  the  advective  effects  of  the 
Red  River  inflow  on  zooplankton  abundance  and  dispersion.  They 
concluded  that  during  periods  of  low  inflow  from  the  Red  River, 
zooplankton  vertical  patchiness  was  wind  induced;  however,  under 
strong  mixing  conditions,  zooplankton  did  not  maintain  distinct  vertical 
patches.  Furthermore,  periodic  flooding  resulted  in  a  loss  of  most 
zooplankton  populations  within  the  upper  7  m  and  deepened  the  distribu¬ 
tion  of  the  remaining  individuals. 

Work  &  Gophen  (1995)  reported  on  the  first  occurrence  (1991)  of 
Daphnia  lumholtzi  in  Lake  Texoma.  This  cyclomorphic  species  shows 
large  seasonal  variation  in  helmet  length  and  caudal  spine  length  and  is 
larger  than  other  Daphnia  species  in  U.S.  lakes  and  reservoirs.  Prior 
to  the  appearance  of  D.  lumholtzi ,  D.  galeata  mendotae  was  the  largest 
Daphnia  species  present  in  Lake  Texoma. 

In  1996,  an  intensive  5  year  water  quality  monitoring  study  was 
begun  to  update  the  baseline  of  physical,  chemical  and  biological  data 
for  Lake  Texoma.  These  data  can  be  used  to  examine  the  effectiveness 
of  established  and  future  U.S.  Army  Corps  of  Engineers  chloride  control 
projects  aimed  at  reducing  the  input  of  chlorides  into  the  Red  River  for 
the  benefit  of  downstream  users.  Due  to  lack  of  funding  the  study  was 
ended  after  14  months.  The  purpose  of  this  study  is  to  examine  the 
zooplankton  community  structure  and  seasonal  dynamics  in  the  first  10 
m  of  the  water  in  Lake  Texoma  during  this  14-month  study  period 
(August  1996  -  September  1997).  A  more  comprehensive  report  can  be 
found  in  Atkinson  et  al.  (1999). 

Methods 

Lake  Texoma  is  a  36,000  ha  multipurpose  impoundment  with  a 
drainage  basin  of  approximately  103,000  km2,  most  of  which  is  pasture 
and  cropland.  It  occupies  portions  of  both  south  central  Oklahoma  and 
north  central  Texas.  Major  rivers  flowing  into  Lake  Texoma  are  the 
Red  River  from  the  west,  which  forms  the  southern  border  between 
Oklahoma  and  Texas  and  the  Washita  River  from  the  north.  Compari¬ 
son  over  a  35-year  period  (1962  -  1997),  annual  average  discharge  in 
the  Red  River  (94  m3/sec)  was  approximately  twice  the  discharge  in  the 
Washita  River  (53  m3/sec).  River  discharges  were  well  within  normal 
values  during  the  study  period.  At  normal  pool  elevation  (188  m), 
maximum  and  mean  depths  are  34  m  and  approximately  9  m,  respec¬ 
tively  . 
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Lake  Texoma  was  divided  into  five  zones  based  upon  an  existing 
chloride  gradient,  with  the  greatest  chloride  concentrations  occurring  in 
the  Red  River  zone  and  least  in  the  Washita  River  zone.  Sampling 
stations  were  designated  as  either  routine  or  intensive.  Each  zone 
contained  one  intensive  station  and  two  routine  stations.  The  Red  River 
Transition  zone  contained  one  additional  routine  station  in  the  Big 
Mineral  arm.  Three  replicate  samples  were  collected  from  the  routine 
stations  and  10  replicate  samples  from  the  intensive  stations  from  August 
1996  through  September  1997.  One  of  the  routine  stations  within  each 
zone  was  a  random  station  whose  location  was  chosen  randomly  each 
month  from  a  grid  of  all  possible  station  locations  within  a  zone  with  the 
stipulation  that  depth  was  at  least  6  m.  The  random  stations  are  not 
shown  in  Fig.  1  because  their  location  changed  among  sampling  trips. 
The  purpose  of  the  random  station  was  to  further  characterize  the  spatial 
distributions  of  zooplankton  in  a  zone.  The  intensive  station  and  second 
routine  station  were  fixed  locations  in  the  main  channel.  Sampling 
frequency  was  twice  monthly  for  May  and  June  and  once  monthly  for 
the  remaining  months  skipping  October,  December  and  February. 
Sampling  frequency  was  more  relaxed  during  the  winter  months  and 
collections  were  made  for  November  and  January  only,  skipping 
October,  December  and  February. 

Zooplankton  samples  («  =  1,076)  were  collected  from  16  stations  on 
13  dates  from  August  1996  through  September  1997  (Fig.  1).  Vertical 
tows  were  taken  from  10  m  depth  to  the  surface  using  a  No.  20  nylon 
plankton  net  fitted  with  a  Wisconsin  bucket  (80  micron  mesh).  For 
stations  <  1 1  m  in  depth,  vertical  tows  were  taken  from  1  m  above  the 
bottom  to  the  surface.  Station  depth  was  determined  using  a  Humming¬ 
bird™  wide- view  fish  finder.  Following  collection,  the  Wisconsin  bucket 
contents  were  thoroughly  washed  with  distilled  water  into  a  prelabeled 
125  mL  polyethylene  sample  bottle  and  preserved  with  acidified  Lugols 
(Wetzel  &  Likens  1979).  Individual  zooplankton  sample  volumes  were 
adjusted  prior  to  enumeration  so  that  a  minimum  of  170  to  200  organ¬ 
isms  would  be  counted  from  a  1  mL  aliquot  (EPA  1998).  A  compound 
microscope  (125X)  was  used  to  observe  and  enumerate  zooplankton 
from  a  1  mL  aliquot  (obtained  using  a  Hensen-Stemple  pipette)  placed 
in  a  Sedwick-rafter  counting  chamber.  Zooplankton  were  identified  to 
the  lowest  possible  taxon  following  Edmundson  (1959),  Stemberger 
(1979)  and  Pennak  (1989).  Counts  were  converted  to  organisms  per 
liter  (org/L)  of  lake  water. 
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Figure  1 .  Map  of  Lake  Texoma  showing  routine  and  intensive  fixed  station  locations  within 
each  zone. 


Results 

Seventy-one  species  of  zooplankton  including  the  cyclopoid  and 
calanoid  copepodids  and  nauplii  were  identified  from  collections  during 
August  1996  through  September  1997  (Table  1)  compared  to  28  species 
for  the  1976-77  study  (Crist  1980).  Species  reported  in  both  studies  are 
marked  with  a  single  asterisk.  Six  species  were  present  in  the  1976-77 
study  that  were  not  present  in  the  1996-97  study.  Difference  in  species 
richness  is  probably  due  to  increased  sampling  effort  (72  samples 
compared  to  1,076  samples)  and  coverage  of  the  reservoir  (3  stations 
compared  to  16  stations)  in  the  1996-97  study.  Differences  in  species 
present  between  the  two  studies  occur  primarily  in  the  Cladocera  (18 
species  in  this  study  compared  to  eight  species  in  previous  study)  and  the 
Rotifera  (38  species  this  study  compared  to  10  species  in  the  previous 
study).  Differences  in  the  Cladocera  reported  are  due  to  the  presence 
of  three  new  genera  ( Alona ,  Chydorus  and  Leydigia ),  species  identifica¬ 
tions  for  the  genera  Ceriodaphnia  and  Moina ,  and  presence  of  several 
new  species  of  Daphnia  (D.  lumholtzi,  D.  longiremis,  D.  pulex  and  D. 
cawtaba).  The  presence  of  D.  lumholtzi  was  first  noted  in  1991  (Work 
&  Gophen  1995). 

Monthly  mean  (ft  =  82)  zooplankton  densities  ranged  from  199.4  org/L 
in  mid-May  to  83.9  org/L  in  mid-June  (Fig.  2).  Seasonal  zooplankton 
densities  were  lower  during  the  fall  and  winter  months  from  November 
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Table  1.  Zooplankton  species  of  Lake  Texoma  identified  in  the  1976-77  study  (*)  and 
1996-97  study.  Species  unique  to  the  1976-77  study  are  marked  with  a  double  asterisk 
(**). 


CLADOCERANS 

ROTIFERS 

A  Iona  costata 

Ascomorpha  sp. 

A.  rectangula 

Asplanchna  sp.* 

Bosmina  coregoni ** 

Brachionus  angular  is* 

B.  longirostris 

B.  bidentata 

Ceriodaphnia  sp.* 

B.  budapestinensis 

C.  quadrangula 

B.  calyciflorus * 

C.  reticulata 

B.  caudatus 

Chydorus  sphaericus 

B.  havanaensis 

Daphnia  ambigua* 

B.  quadridentatus 

D.  cawtaba 

B.  rubens 

D.  galaeta  mendotae * 

B.  urceolaris 

D.  longiremis 

B.  varibilis * 

D.  lumholtzi 

Collotheca  sp. 

D.  parvula* 

Conochiloides  dossarius 

D.  pulex 

Euchlanis  alta 

Diaphanosoma  bergei* 

Filinia  longiseta 

Leptodora  kindtii * 

F.  terminalis* 

Leydigia  acanthocercoides 

Gastropus  sp. 

Moina  sp.* 

Hexarthra  mira 

Moina  brachiata 

Kellicottia  bostoniensis 

M.  micrura 

Keratella  americana ** 

K.  cochlearis 

COPEPODS 

K.  quadrata  f  testudo * 

Calanoid  CoDeoods 

Lecane  luna 

Calanoid  copepodid 

Lepadella  patella 

Diaptomus  connexus 

Monostyla  stenroosi 

D.  doraslis** 

Notholca  acuminata 

D.  silicoides** 

N.  strata ** 

D.  saltillinis 

Platyias  patulus 

Eurytemora  affinis 

P.  quadricornis 

Cvcloooid  Cooeoods 

Polyarthra  sp.* 

Cyclopoid  copepodid 

P.  dolichoptera 

Acanthocy clops  vernalis* 

P.  euryptera 

Cyclops  bicuspidatus * 

Pompholyx  sp. 

Ectocyclops  phaleratus 

Porales  sp. 

Ergasilus  versicolor * 

Synchaeta  sp. 

Mesocyclops  edax* 

Testudinella  sp. 

M.  inversus * 

Trichocera  lata 

Tropocyclops  prasinus  mexicanus ** 

T.  multicrinis 

Ilaroacticoid  coDeoods 

T.  similis 

Harpacticoid  sp. 

Trichotria  tetractis 

copepod  nauplii 

Wigrella  depressa 

through  March  and  during  the  summer  months  from  mid- June  through 
August.  Greatest  zooplankton  densities  occurred  during  the  spring 
months  from  April  through  the  first  two  weeks  of  June  with  a  second 
spike  occurring  in  the  fall  during  September. 

Mean  zonal  [ft =208  for  all  zones  except  the  Red  River  Transition 
zone  (ft =247)]  zooplankton  density  was  greatest  in  the  Red  River  arm 
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Figure  2.  Seasonal  zooplankton  abundance  (mean  and  90%  confidence  interval,  n  —  82  per 
month). 


of  Lake  Texoma  (Red  River  zone:  161.6  org/L  and  Red  River  Transi¬ 
tion  zone:  150.4  org/L),  approximately  a  third  greater  than  that  of  the 
Main  Lake  body  (103.0  org/L),  Washita  River  Transition  zone  (113.0 
org/L)  and  Washita  River  zone  (104.4  org/L)  (Fig.  3).  Nauplii  and 
calanoid  copepod  densities  decreased  from  zone  to  zone  from  the  Red 
River  zone  (47.3  org/Land  11.4  org/L,  respectively)  on  through  the 
Washita  River  zone  (29.1  org/L  and  6.9  org/L,  respectively).  Cyclo- 
poid  copepod  densities  were  greatest  in  the  Red  River  arm  and  Main 
Lake  body  (14.5  org/L  and  15.1  org/L,  respectively)  and  least  in  the 
Washita  River  arm  (Washita  River  Transition  zone:  10.5  org/L  and 
Washita  River  zone:  6.5  org/L.  Rotifer  densities  showed  a  decreasing 
trend  from  the  upper  arms  of  the  Red  River  (67.5  org/L)  and  Washita 
River  (51.2  org/L)  to  the  Main  Lake  body  (21.9  org/L).  Cladocera 
densities  were  greatest  in  the  Red  River  arm  (20.9  org/L  and  30.5 
org/L)  and  decreased  steadily  from  the  Main  Lake  body  (17.2  org/L)  on 
through  the  Washita  River  zone  (10.9  org/L). 

Percent  composition  of  the  major  zooplankton  groups  within  a  zone 
was  similar  among  zones  (Fig.  4).  Rotifers  were  the  dominant  group 
followed  (in  decreasing  density)  by  the  nauplii,  cladocera,  cyclopoid 
copepods  and  calanoid  copepods.  This  same  pattern  was  observed  in  the 
Red  River  Transition  zone  and  Main  Lake  body,  except  that  the  nauplii 
density  was  greater  than  the  rotifer  density. 
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Figure  3.  Grand  mean  density  (org/L)  for  major  zooplankton  groups  by  zone.  Sequence  of 
groups  from  bottom  to  top  is  as  follows:  Rotifera,  Nauplii,  Cladocera,  Cyclopoida  and 
Calanoida. 

Bray-Curtis  Similarity  Index  analyses  at  the  genus  level  revealed  three 
patterns  of  similarity  of  species  composition  between  zones  during  the 
study  (Fig.  5).  The  Red  River  zone  and  Red  River  Transition  zone 
formed  one  group.  A  second  group  included  the  Washita  River  zone 
and  Washita  River  Transition  zone.  The  Main  Lake  body  was  separate, 
but  more  similar  to  the  Red  River  arm  than  the  Washita  River  arm. 
This  outcome  fully  supports  reservoir  zonation  (Thornton  et  al.  1982). 

A  common  species  is  arbitrarily  defined  as  species  present  in  (10% 
of  the  samples  (ft  =  1076).  Those  species  omitted  from  the  analysis  are 
not  necessarily  unimportant,  but  often  were  littorial  species  that  may 
have  drifted  on  the  currents  into  the  limentic  regions  of  the  lake. 
Examples  from  the  Crustacea  include  Chydorus  sp.,  Alona  sp.,  Moina 
sp.  and  Leydigia  sp.  Examples  from  the  Rotifera  include  Weigrella 
depressa  and  Trichotria  tetractis.  Of  the  Crustacea  species,  55%  of  the 
cladocera,  87.5%  of  the  cyclopoid  copepods  and  80%  of  the  calanoid 
copepod  species  were  considered  common.  Forty-three  percent  of  the 
Rotifera  species  were  considered  common. 

Cladocera  abundance  was  greatest  from  April  through  May  and  then 
declined  sharply  in  July  (Fig.  6a).  Daphnia  exhibited  the  greatest 
density  of  the  cladocerans  (54.0  to  1.5  org/L)  followed  by  Bosmina 
(22.8  to  0.3  org/L),  Ceriodaphnia  (8.1  to  0.2  org/L)  and  Diaphanosoma 
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Figure  4.  Percent  composition  of  major  zooplankton  groups  within  each  zone  for  August 
1996  through  September  1997.  RRZ  =  Red  River  zone,  RRTZ  =  Red  River  Transition 
zone,  MLZ  =  Main  Lake  body,  WRTZ  =  Washita  River  Transition  zone,  WRZ  = 
Washita  River  zone. 


(4.6  to  0.2  org/L).  Daphnia  lumholtzi  populations  increased  during  the 
summer  months  when  other  daphnids  experienced  a  sharp  decline. 
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Figure  5.  Bray  Curtis  diagram  combining  all  zones  and  dates.  RRZ  =  Red  River  Zone, 
RRTZ  =  Red  River  Transition  zone,  MLZ  =  Main  Lake  Body,  WRTZ  =  Washita  River 
Transition  zone,  and  WRZ  =  Washita  River  zone. 


Work  (1997)  and  Work  &  Gophen  (1995)  reported  similar  observations 
in  Lake  Texoma.  Cladoceran  abundance  showed  a  decrease  in  August 
and  September  1997  compared  to  August  and  September  of  the  previous 
year. 

Nauplii  abundance  greatly  exceeded  the  abundance  of  both  the 
calanoid  and  cyclopoid  copepods  except  for  the  months  of  August  and 
November  1996  and  July  1997  (Fig.  6b).  Cyclopoid  copepod  abundance 
was  generally  greater  than  calanoid  copepod  abundance.  Of  the  two 
calanoid  copepod  genera,  Diaptomus  abundances  exceeded  Eurytemora 
abundances  for  the  periods  August  through  November  1996  and  mid- 
May  through  mid-June  1997  (Fig.  6c).  Calanoid  copepodite  abundance 
generally  exceeded  that  of  the  adults  except  during  the  latter  part  of  the 
study.  Of  the  cyclopoid  copepod  genera,  Mesocyclops  was  generally 
present  in  greater  densities  than  Cyclops  and  Acanthocy clops  (Fig.  6d). 
The  cyclopoid  copepodites  exhibited  the  greatest  abundances  (5.1  to  0.9 
org/L)  of  the  cyclopoid  group. 

The  ratio  of  calanoid:  cyclopoid  copepods  plus  cladoceran  species  was 


212 


THE  TEXAS  JOURNAL  OF  SCIENCE- VOL.  53,  NO.  3,  2001 


Figure  6.  Trends  in  mean  abundance  (org/L)  from  August  1996  to  September  1997.  A. 
Cladoceran  genera  Bosmina,  Ceriodaphnia,  Daphnia  and  Diaphanosoma.  B.  Cyclopoid, 
Calanoid  and  nauplii  copepods  C.  Calanoid  copepod  genera  Diaptomus,  Eurytemora  and 
copepodites.  D.  Cyclopoid  copepod  genera  Acanthycyclops ,  Cyclops ,  Mesocyclops  and 
copepodites. 
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Zone 

Figure  7.  Zooplankton  index  averages  among  zones  from  August  1996  through  September 
1997.  Zones  with  the  same  letter  are  not  statistically  significantly  different  (alpha  = 
0.10). 

first  used  as  a  measure  of  trophic  condition  in  the  Great  Lakes  (Gannon 
&  Stemberger  1978).  Calanoid  copepods  are  considered  best  adapted  to 
oligotrophic  waters,  while  cyclopoid  copepods  and  cladocerans  are 
generally  more  abundant  in  eutrophic  waters;  therefore,  the  higher  the 
value  the  less  eutrophic  the  water.  Since  Lake  Texoma  is  a  river-run 
system  with  input  from  two  rivers,  one  would  expect  the  index  value  to 
be  greater  in  the  deeper,  less  turbid  lake-like  portion  of  the  reservoir; 
however,  just  the  opposite  was  observed.  Index  values  ranged  from 
1.15  to  0.01  (n=940);  the  greatest  values  occurring  at  stations  in  the 
Red  River  zone,  Washita  River  Transition  zone  and  Washita  River  zone. 
The  index  value  was  less  than  1.0  in  99.8%  of  the  samples.  The 
Washita  River  zone,  Washita  River  Transition  zone,  and  Red  River  zone 
have  the  greatest  mean  values  (0.41,  0.34  and  0.33,  respectively)  and 
the  Red  River  Transition  zone  and  Main  Lake  body  have  the  lowest 
mean  values  (0.24  each)  (Fig.  7).  The  zooplankton  index  ratio  is  highly 
significantly  different  among  the  five  zones  (one-way  ANOVA,  /- test  = 
18.29,  P  —  0.0001).  A  Tukey’s  multiple  comparison  test  (alpha  = 
0.10)  separated  the  five  zones  into  three  statistically  different  groups: 
Washita  River  zone  (jc  =  0.41)  >  Washita  River  Transition  zone  (jc  = 
0.34)  and  Red  River  zone  ( x  =  0.33)  >  Main  Lake  body  ( x  =  0.24) 
and  Red  River  Transition  zone  (jc  =0.24).  Based  upon  this  index,  Lake 
Texoma  is  a  eutrophic  reservoir.  Based  upon  Secchi  depth  and  chloro- 
phyll-cz  trophic  state  index  values  during  the  same  period,  Lake  Texoma 
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Figure  8.  Trends  in  rotifer  mean  abundance  (org/L)  from  August  1996  through  September 
1997.  A.  Genera  Brachionus  and  Keratella.  B.  Genera  Asplanchna,  Polyarthra, 
Synchaeta  and  Trichocera. 


would  be  classified  as  eutrophic  during  months  of  high  productivity  and 
as  mesotrophic  from  November  through  May  (Gibbs  1998). 

Brachionus  and  Keratella  exhibited  the  greatest  abundances  of  the 
rotifer  genera  (Fig.  8a).  Brachionus  abundance  exceeded  the  abundance 
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of  the  other  rotifer  genera  in  10  out  of  13  sampling  trips  or  77%  of  the 
time  and  likewise,  Keratella  abundance  was  greater  in  7  out  of  13 
sampling  trips  or  54%  of  the  time.  Of  the  remaining  rotifer  genera, 
Synchaeta  and  Polyarthra  exhibited  the  most  dynamic  abundances  (Fig. 
8b) .  Asplanchna  and  Trichocera  abundances  were  fairly  constant  during 
the  study  until  the  summer  months  from  mid-June  through  July. 
Brachionus,  Keratella ,  Polyarthra  and  Trichocera  are  rotifer  genera 
indicative  of  eutrophic  conditions  (Gannon  &  Stemberger  1978). 

Monthly  mean  Shannon  species  diversity  values  for  the  entire  study 
ranged  from  a  high  of  3.5  occurring  in  September  1996  in  the  Washita 
River  zone  to  a  low  of  1 .6  occurring  in  mid-June  in  the  Main  Lake  body 
(Fig.  9).  Species  diversity  values  of  3.0  or  greater  occurred  most  often 
in  the  Washita  River  zone  (46%  of  the  sampling  trips),  followed  by  the 
Red  River  Transition  zone  (23%),  the  Washita  River  Transition  zone 
(15%)  and  the  Red  River  zone  and  Main  Lake  body  (both  8%).  Species 
diversity  values  dropped  below  2.0  on  two  occasions  in  the  Main  Lake 
body. 

Trends  in  mean  monthly  Shannon  species  evenness  were  similar  to 
those  trends  for  Shannon  species  diversity.  Monthly  mean  species 
evenness  values  ranged  from  a  high  of  0.8  occurring  in  September  1996 
and  July  1997  in  the  Washita  River  zone  and  mid-May  1997  in  the 
Washita  River  zone  and  Red  River  Transition  zone  to  a  low  of  0.5 
occurring  in  August  1997  in  the  Main  Lake  body.  Evenness  values 
followed  the  same  general  pattern  between  the  Red  River  zone  and  Red 
River  Transition  zone  and  between  the  Washita  River  zone  and  Washita 
River  Transition  zone.  Like  the  mean  Shannon  species  diversity  values 
for  the  Main  Lake  body,  the  mean  Shannon  species  evenness  values 
were  fairly  stable  from  August  1996  through  May  1997  and  then  began 
to  fluctuate  erratically  for  the  remainder  of  the  study. 

Discussion 

Lake  Texoma  has  a  diverse  zooplankton  community  represented  by 
71  species  of  zooplankton  (Table  1).  Crist  (1980)  reported  28  zooplank¬ 
ton  species  in  the  1976-77  study,  which  is  considerably  less  than  found 
in  this  study.  Differences  in  reported  species  primarily  occur  in  the 
Cladocera  and  the  Rotifera.  A  primary  reason  for  differences  in  species 
identified  between  the  two  studies  is  due  to  the  increased  sampling 
intensity  in  the  current  study  (1076  samples  vs  72  samples)  and 
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Figure  9.  Shannon  species  diversity  by  zone  for  August  1996  through  September  1997. 


increased  coverage  of  the  main  channel  of  the  reservoir  (16  stations  vs 
3  stations).  The  three  sampling  sites  from  the  1976-77  study  were 
included  in  the  current  study. 

Total  zooplankton  abundance  followed  a  typical  seasonal  pattern 
represented  by  a  major  pulse, in  the  spring  (May  and  June)  and  a  second 
smaller  pulse  in  the  fall  (September)  when  the  zooplankton  population 
recovered  from  the  summer  crash.  Similar  population  dynamics  have 
been  reported  for  Lake  Texoma  (Crist  1980;  Threlkeld  1982;  Matthews 
1985;  Dirnberger  &  Threlkeld  1986;  Work  1997)  and  other  reservoirs 
(Threlkeld  1985). 
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Overall,  monthly  zooplankton  densities  were  much  greater  in  the  Red 
River  arm,  intermediate  in  the  Washita  River  arm  and  lowest  in  the 
Main  Lake  body.  This  observation  is  in  agreement  with  the  1976-77 
study  of  seasonal  and  spatial  variability  of  zooplankton  in  Lake  Texoma 
(Crist  1980).  Exceptions  to  this  trend  were  found  in  March  and  mid- 
June  1997  when  the  greatest  abundance  occurred  in  the  Main  Lake 
body.  This  same  trend  was  evident  in  the  major  groups  of  zooplankton 
except  the  deviations  from  this  trend  occurred  in  different  months. 
Cladocera  densities  were  generally  lower  in  the  Main  Lake  body  than 
either  the  Red  River  arm  or  Washita  River  arm  except  for  March, 
mid-June  and  August  1997.  Cyclopoid  copepod  densities  were  typically 
greater  in  the  Red  River  arm  except  for  March  when  they  were  con¬ 
siderably  greater  in  the  Main  Lake  body  and  mid- June  when  they  were 
greatest  in  the  Washita  River  arm.  Nauplii  densities  were  typically 
greatest  in  the  Red  River  arm,  intermediate  in  the  Washita  River  arm 
and  lowest  in  the  Main  Lake  body.  Rotifera  densities  were  typically 
lowest  in  the  Main  Lake  body  except  for  March.  Calanoid  copepod 
densities  did  not  seem  to  follow  any  particular  trend  with  regard  to  zonal 
abundance  between  months. 

Shannon  species  diversity  was  greatest  in  the  Red  River  arm  and 
Washita  River  arm  and  lowest  in  the  Main  Lake  body.  There  was  only 
a  fraction  of  a  difference  between  zonal  species  diversity  index  values 
for  any  given  month  suggesting  no  ecological  difference  in  community 
structure  with  regard  to  water  quality  between  zones.  Differences  in 
species  diversity  index  values  between  months  are  small  and  do  not 
indicate  ecological  differences  in  community  structure  associated  with 
water  quality  on  an  annual  basis.  Therefore,  because  this  index  is  not 
effective  in  detecting  differences  in  community  structure  between  zones 
in  Lake  Texoma,  it  will  probably  best  serve  as  a  baseline  value  to  which 
future  studies  can  be  compared. 

Species  evenness  describes  how  evenly  distributed  the  individuals  are 
among  the  different  species.  It  is  the  ratio  of  species  diversity  (H)  to  the 
maximum  species  diversity  (Hmax).  Values  range  from  0  to  1,  where  1 
is  the  maximum  species  diversity  in  which  all  species  in  the  community 
would  have  an  equal  number  of  individuals.  In  Lake  Texoma,  species 
evenness  ranged  from  0.5  to  0.8,  but  monthly  differences  between  zones 
were  small.  Evenness,  is  therefore,  best  used  as  a  baseline  value  to 
which  future  studies  can  be  compared. 
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Species  richness  is  simply  an  inventory  of  the  number  of  different 
species  observed  during  each  sampling  trip.  Species  richness  was 
generally  greatest  in  the  Red  River  and  Washita  River  arms  and  least  in 
the  Main  Lake  body.  This  observation  is  consistent  with  the  nature  of 
reservoirs  and  the  longitudinal  gradients  that  form  as  water  flows  from 
the  mouth  of  the  major  tributary  to  the  main  lake  basin  (Thornton  et  al. 
1982).  Flowing  water  typically  has  a  higher  sediment  load,  greater 
turbidity  and  increased  nutrients  which  favors  a  higher  plankton  species 
richness.  As  the  water  flows  towards  the  dam,  sediments  settle  out  and 
it  becomes  less  turbid  and  lower  in  nutrients  supporting  fewer  species. 
Also,  as  the  water  flows  from  the  mouth  of  the  tributary  to  the  dam,  it 
becomes  increasingly  deeper  which  also  has  an  effect  on  plankton 
species  richness  favoring  more  species  in  shallower  water  as  compared 
to  deeper  water. 

Bray-Curtis  Similarity  Index  analyses  revealed  three  patterns  of 
similarity  of  species  composition  between  zones  during  the  study  period. 
Species  composition  was  similar  between  the  Red  River  zone  and  Red 
River  Transition  zone  and  the  Washita  River  zone  and  Washita  River 
Transition  with  the  Main  Lake  body  being  separate,  but  most  similar  to 
the  Red  River  arm. 

The  calanoid:cyclopoid  plus  cladoceran  ratio  is  specifically  applicable 
for  detecting  differences  in  trophic  status  among  water  masses  of 
differing  eutrophy  in  the  Laurentian  Great  Lakes  (Stemberger  &  Gannon 
1978),  however,  care  must  be  taken  to  use  it  elsewhere.  Although 
statistically  significant  differences  in  trophic  status  were  found  among 
zones  using  this  index,  its  application  to  Lake  Texoma  may  not  neces¬ 
sarily  be  related  to  differences  in  trophic  status  among  zones  but  more 
to  differences  in  water  quality  due  to  other  issues. 

In  summary,  the  seasonal  patterns  in  the  zooplankton  density  of  Lake 
Texoma  are  typical  of  those  found  in  temperate  reservoirs  in  which 
densities  peak  in  the  spring,  decline  sharply  during  the  summer  months, 
and  then  peak  again  in  the  fall.  As  in  a  previous  study,  greatest 
densities  were  found  in  the  Red  River  arm,  intermediate  densities  in  the 
Main  Lake  body,  and  lowest  densities  in  the  Washita  River  arm.  Mean 
densities  for  several  species  showed  a  decline  during  the  second  year  in 
August  and  September. 

Zooplankton  species  composition  was  typical  of  that  for  a  river-run 
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system  with  species  richness  being  greatest  in  the  headwaters  and 
transition  zone  and  least  in  the  deeper  main  lake  body.  Species 
composition  and  richness  was  generally  most  similar  between  the  Red 
River  arm  zones  and  Washita  River  arm  zones  and  different  from  the 
Main  Lake  body.  Considerably  fewer  species,  especially  rotifers,  were 
found  in  the  deeper  Main  Lake  body. 

Lake  Texoma  can  be  classified  as  eutrophic  based  upon  the  presence 
of  eutrophic  indicator  species  such  as  the  rotifers,  Brachionus,  Keratella , 
Polyarthra,  Trichocera  and  the  cladocera,  Bosmina  longirostris .  These 
species  were  often  dominant  throughout  the  study.  Another  index,  the 
ratio  of  calanoid  to  cyclopoid  copepods  plus  cladoceran  species,  also 
classified  Lake  Texoma  as  eutrophic. 
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METALS  IN  FISH  TISSUE 
FROM  THE  LAGUNA  DE  POM-ATASTA 
OF  CAMPECHE,  MEXICO 
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Abstract.— Levels  of  metals  (Ba,  Cd,  Co,  Cu,  Ni,  Pb,  V,  Zn,  Ag,  Cr  and  Fe)  in  fish 
muscle  of  the  Laguna  de  Pom-Atasta  of  Campeche,  Mexico  were  determined.  Most  of  the 
metals,  except  Ni,  Zn  and  Fe  were  found  in  sub  ppm  (mg/kg  dry  weight)  levels.  Higher 
levels  of  Cd  and  Pb  in  fish  muscle  from  this  study  displayed  than  have  been  observed  in  fish 
from  other  sites  in  the  Gulf  of  Mexico  area.  However,  concentrations  of  Cd  and  Pb  were 
below  the  established  metal  concentrations  in  fish  by  the  Health  Secretariate  of  Mexico. 

Resumen.— Concentration  de  metales  (Ba,  Cd,  Co,  Cu,  Ni,  Pb,  V,  Zn,  Ag,  Cr  y  Fe)  en 
musculo  de  peces  de  la  Laguna  de  Pom-Atast  de  Campeche,  Mexico  fueron  determinados. 
La  mayorfa  de  los  metales,  excepto  Ni,  Zn  y  Fe  se  encontraron  en  niveles  por  debajo  de  las 
ppm  (mg/kg  de  peso  seco).  Niveles  altos  de  Cd  y  Pb  en  las  muestras  analizadas  de  los  peces 
muestra  que  estas  concentraciones  se  han  observado  en  otras  zonas  del  Golfo  de  Mexico.  Sin 
embargo,  las  concentraciones  de  Cd  y  Pb  se  encontraron  por  debajo  de  las  concentraciones 
de  metales  establecidas  para  peces  de  acuerdo  a  los  limites  establecidos  por  la  Secretarfa  de 
Salud  de  Mexico. 


Transfer  of  metals  from  point  and  nonpoint  sources  into  coastal  waters 
is  of  major  interest  in  environmental  chemistry  and  biology  (Szefer  et  al. 
1996;  Summers  et  al.  1996).  Heavy  metals  within  coastal  lagoons  are 
an  increasing  concern;  they  are  highly  phytotoxic  and  can  change  the 
primary  productivity  of  the  coastal  environment  (Lacerda  1994). 
Metals,  such  as  Zn,  Fe,  Cu  and  Mn,  which  are  essential  biological 
micronutrients  for  many  aquatic  organisms  can  become  toxic  at  elevated 
concentrations  (Sunda  1988;  1989).  Other  metals,  for  example  Pb  and 
Ag,  are  not  required  for  growth  and  are  highly  toxic  in  trace  amounts 
(Merian  1991).  Therefore,  knowledge  about  types  and  levels  of  heavy 
metals  entering  coastal  lagoons  is  critically  important. 

There  are  relatively  few  studies  on  metal  concentrations  in  tropical 
marine  species.  It  is  imperative  to  analyze  metals  within  commercial 
species  in  assessing  potential  toxic  levels  from  the  human-nutritional 
standpoint  (Vazquez  et  al.  1995;  Vazquez  &  Sharma  1996).  The 
Laguna  de  Pom-Atasta  represents  an  important  ecosystem  in  the  southern 
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Gulf  of  Mexico  because  of  its  valuable  fish  and  wildlife  resources.  This 
study  was  undertaken  to  determine  the  concentrations  of  metals  (Ba,  Cd, 
Co,  Cu,  Ni,  Pb,  V,  Zn,  Ag,  Cr  and  Fe)  in  fish  collected  from  the 
Laguna  de  Pom-Atasta  of  Campeche,  Mexico,  in  order  to  establish  metal 
levels  in  fish  tissue  from  these  waters. 

Materials  and  Methods 

The  Pom-Atasta  lagoon  system  is  situated  southern  Gulf  of  Mexico 
and  is  80  km2  in  area  with  a  mean  depth  of  1 .5  m.  Freshwater  from  the 
San  Padro-San  Pablo  River  enters  from  the  east  into  the  lagoon  through 
an  artificial  canal.  The  lagoon  is  also  connected  to  the  Gulf  through  a 
natural  canal  and  Terminos  lagoon  (Gutierrez  et  al.  1982).  A  Mexico 
Petroleum  gas  pipeline  passes  through  the  Pom-Atasta  lagoon  (Fig.  1). 

The  mean  annual  air  temperature  of  the  area  is  27.2 °C.  The  region 
experiences  three  climatic  changes  during  the  year:  a  dry  season  from 
February  to  May,  and  two  rainy  seasons,  from  June  to  September  and 
October  to  January.  The  heavy  rain  in  the  later  season  is  caused  by 
winter  storms,  Nortes  and  strong  N  and  NW  winds  (30  mph).  Surface 
water  temperatures  and  salinities  range  from  23.1  -  25.4° C  and  34.2  - 
36.1  ppt,  respectively. 

Fish  samples  were  collected  during  three  sampling  events  (October 
1996,  November  1996  and  January  1997)  from  five  stations  in  the 
Laguna  de  Pom  of  Campeche,  Mexico  (Fig.  1).  The  dredging  activities 
at  the  gas  pipeline  (close  to  station  4,  Fig.  1)  occurred  in  November 
1996.  A  sampling  period  comprised  before,  during  and  after  dredging 
activities.  The  five  stations  were  selected  based  on  water  flow,  dredging 
activities,  and  closeness  to  the  Gulf  of  Mexico.  After  collection  of  fish, 
species  identified  included  Eugerres  plumieri ,  Eagre  marinus ,  Mugil 
curema ,  Centropomus  undecimalis  and  Cyprinus  carpus.  The  size  of 
specimens  varied  from  10-18  cm.  Fish  samples  were  not  enough  at 
station  2  and  5  in  January  1997  to  perform  analysis. 

Approximately  20  individuals  of  mixed  species  were  randomly  taken 
and  were  immediately  ice-frozen  and  brought  to  the  laboratory  for 
analysis.  In  the  laboratory,  fish  were  dissected  to  obtain  muscle 
samples.  The  muscle  samples  were  dried  to  constant  weights  at  55°C. 
Homogenization  and  pulverization  of  composite  samples  of  fish  muscle 
were  achieved  in  a  teflon  mortar.  A  0.5  g  powder  of  each  muscle 
sample  of  the  muscle  was  put  into  a  digestion  vessel  and  5  mL  of  HN03, 
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Figure  1.  Study  area  in  the  Laguna  de  Pom-Atasta  and  location  of  sampling  sites. 


1  mL  of  HC1  and  10  mL  of  deionized  water  were  added  to  the  vessel  to 
carry  out  digestion.  The  digestion  of  metal  in  samples  was  done  in  the 
microwave  (MDS-2000  CEM)  for  30  minutes.  After  digestion,  samples 
were  diluted  to  25  mL  before  determining  metal  concentration  in 
samples  using  the  atomic  absorption  technique. 

Metal  concentrations  were  determined  on  a  Perkin  Elmer  model  2380 
with  a  graphite  furnace  model  MGA400.  Standard  solutions  were  pre¬ 
pared  by  dissolving  metals  in  1 : 1  solutions  of  nitric  and  hydrochloric 
acids.  Certified  tuna  fish  homogenate  was  obtained  from  the  Inter¬ 
national  Laboratory  of  Marine  Radioactivity  Mosee  Oceanography,  Inc. 
MC  98000,  Monaco  and  was  analyzed  for  metal  contents  using  the  same 
digestion  procedure.  The  coefficients  of  variation  for  recoveries  of 
metals  were  9.2%,  8.2%,  5.1%,  5.6%,  6.5%,  2.8%,  4.3%  and  4.8% 
for  Cd,  Co,  Cu,  Ni,  Pb,  Zn,  Cr  and  Fe,  respectively.  Three  replicate 
samples  were  analyzed  to  determine  the  analytical  and  sample  precision. 
Estimated  precision  was:  Ba,  10%;  Cd,  10%;  Co,  11%;  Cu,  7%;  Ni, 
8%;  Pb,  9%;  V,  10%;  Zn,  9%;  Ag,  11%;  Cr,  11%;  Fe5%. 

Results  and  Discussion 

The  concentrations  of  metals  in  fish  samples  from  the  study  area  are 
presented  in  Table  1 .  Most  of  the  metals  were  found  in  sub  ppm  levels. 
Zinc  was  the  most  abundant  with  concentrations  in  ppm  levels  (Table  1). 
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Table  1.  Metal  concentrations  (mg/kg  dry  weight)  in  fish  muscle  of  Pom-Atasta  lagoon, 
Campeche,  Mexico. 


Station 

Ba 

Cd 

Co 

Cu 

Ni 

Pb 

V 

Zn 

Ag 

Cr 

Fe 

Date 

1 

Oct.  96 

0.018 

0.44 

0.037 

0.97 

3.16 

0.34 

0.011 

18.5 

<0.01 

0.49 

1.65 

Nov.  96 

0.023 

0.14 

0.043 

0.74 

1.38 

0.20 

0.009 

23.2 

0.19 

0.20 

0.59 

Jan.  97 

0.019 

0.14 

0.017 

0.72 

0.58 

0.43 

0.014 

13.2 

<0.01 

1.35 

1.10 

2 

Oct.  96 

0.027 

0.20 

0.021 

0.64 

2.84 

0.24 

0.012 

15.3 

<0.01 

<0.01 

2.15 

Nov.  96 

0.031 

0.40 

0.029 

0.35 

3.26 

<0.05 

0.010 

11.3 

0.24 

0.25 

1.50 

3 

Oct.  96 

0.018 

0.35 

0.034 

2.17 

3.65 

<0.05 

0.021 

27.2 

0.15 

<0.01 

1.68 

Nov.  96 

0.021 

0.14 

0.036 

0.68 

4.30 

0.53 

0.017 

14.5 

0.14 

<0.01 

1.64 

Jan.  97 

0.023 

0.26 

0.035 

0.55 

2.34 

0.55 

0.016 

16.8 

<0.01 

<0.01 

1.24 

4 

Oct.  96 

0.042 

<0.01 

0.028 

0.77 

0.96 

<0.05 

0.012 

16.0 

<0.01 

0.77 

1.54 

Nov.  96 

0.039 

0.23 

0.032 

0.42 

1.87 

0.42 

0.014 

19.1 

<0.01 

<0.01 

0.42 

Jan.  97 

0.037 

0.19 

0.036 

0.53 

0.39 

<0.05 

0.016 

15.1 

0.23 

1.55 

0.53 

5 

Oct.  96 

0.033 

0.29 

0.030 

0.48 

0.24 

0.14 

0.022 

18.3 

<0.01 

<0.01 

0.48 

Nov.  96 

0.029 

0.10 

0.027 

1.32 

<0.01 

0.24 

0.017 

18.3 

0.19 

2.60 

1.84 

Mean 

0.028 

0.22 

0.031 

0.76 

1.78 

0.26 

0.015 

17.5 

0.08 

0.56 

1.26 

SD 

0.008 

0.12 

0.007 

0.48 

1.47 

0.21 

0.004 

4.00 

0.10 

0.78 

0.56 

The  relative  high  concentrations  of  Zn  in  fish  is  not  dangerous  for 
human  health  because  Zn  is  an  essential  element  for  most  living  organ¬ 
isms  and  only  becomes  toxic  at  very  high  concentrations  (Heckman 
1990).  In  general,  this  study  found  relatively  little  variation  in  the 
concentrations  of  metals  by  station  and  month.  This  suggests  metal 
concentrations  in  fish  of  the  Laguna  were  not  influenced  by  activities  of 
oil  and  gas  dredging  in  November  1996. 

The  mean  concentrations  of  metals  in  fish  of  the  study  area  were 
compared  with  fish  from  the  Gulf  of  Mexico  in  Table  2.  The  concentra¬ 
tions  of  metals,  except  Cd  and  Pb,  in  fish  of  the  Laguna  de  Pom-Atasta 
were  equal  to  or  less  than  the  metal  contents  in  the  Galveston  Bay  and 
the  Gulf  of  Mexico.  The  results  suggest  the  enhanced  bioaccumulation 
of  Cd  and  Pb  in  the  study  area  in  comparison  with  fish  from  non¬ 
discharging  platforms  of  the  Gulf  of  Mexico.  In  a  previous  study,  the 
relatively  higher  concentrations  of  Cd  and  Pb  were  found  in  water 
samples  from  the  Laguna  de  Mexico  (Vazquez  et  al.  1998).  Anthropo¬ 
genic  sources  such  as  automobile  atmospheric  deposition,  river  and 
industrial  inputs  were  probable  causes  of  higher  levels  of  Cd  and  Pb. 
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Table  2.  Comparison  of  mean  metal  concentrations  (mg/kg  dry  weight)  in  fish  muscle  from 
the  Gulf  of  Mexico  area. 


Area 

Ba 

Cd 

Cu 

Ni 

Pb 

V 

Zn 

Fe 

This  Study 

0.028 

0.22 

0.76 

1.78 

0.26 

0.015 

17.5 

1.26 

GBNEP 1 

— 

0.01 

1.02 

0.04 

0.07 

— 

21.5 

— 

Gulf  of  Mexico  2 

0.06 

<0.01 

1.0 

1.5 

0.12 

0.93 

18.6 

8 

SS3 

— 

0.50 

— 

— 

1.00 

— 

— 

— 

1  Galveston  Bay  National  Estuary  Program  (Park  &  Presley  1997) 

2  Non-discharging  platforms  in  the  Gulf  of  Mexico  (Trefry  et  al.  1996) 

3  Secretaria  de  Salubridad  (1993) 


The  concentrations  of  Cd  and  Pb  were  compared  to  the  established 
metal  concentrations  in  fish  by  the  Secretaria  de  Salubridad  (1993). 
Secretaria  de  Salubridad  is  a  health  office  in  Mexico  which  regulates 
contamination  in  the  organisms.  Both  Cd  and  Pb  in  fish  of  the  Laguna 
de  Pom-Atasta  were  lower  than  the  Secretaria  de  Salubridad  established 
values.  Therefore,  Cd  and  Pb  levels  in  fish  of  the  study  area  are  not 
considered  to  be  dangerous  for  human  consumption. 
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Texas  A&M  University,  College  Station,  Texas  77843 

Abstract.— Experiments  were  conducted  to  compare  survival  and  growth  of  Litopenaeus 
vannamei  postlarvae  (PL8-PLI0)  in  static  (zero  water  exchange)  and  recirculating  (130%  water 
turnover  per  hour)  culture  systems.  Experiment  one  evaluated  three  dietary  phosphorus 
levels  (0.4,  0.8  and  1.2%)  and  three  inorganic  phosphorus  sources  (CaHP04,  Na2HP04  and 
NaH2PQ4).  Experiment  two  evaluated  three  dietary  protein  levels  (10,  18  and  25%)  and  two 
lipid  levels  (3  and  11%).  Survival  of  PLs  from  both  experiments  averaged  86. 1  %  ±  8.8  in 
the  static,  and  83.8%  ±  11.4  in  the  recirculating  culture  system.  Survival  of  PL  did  not 
vary  significantly  in  Experiment  one  regardless  of  culture  system.  In  Experiment  two,  PL 
survival  was  significantly  lower  in  the  recirculating  system  for  diets  containing  higher  lipid 
levels.  Growth  (increase  in  weight)  of  PL  was  significantly  higher  in  the  static  culture 
system  for  all  diets  evaluated  in  both  experiments  except  for  diets  containing  10%  protein. 
Average  growth  of  PL  fed  diets  containing  18%  or  higher  protein  levels  within  the  static 
culture  system  was  enhanced  more  than  40%  compared  to  the  recirculating  system.  Exclud¬ 
ing  diets  with  10%  protein,  feed  conversion  ratios  were  below  2.1  for  both  culture  systems. 
These  data  indicated  that  water  management  strategies  should  be  researched  further  to 
optimize  the  culture  system  while  ameliorating  potential  environmental  impacts. 


As  the  shrimp  aquaculture  industry  continues  its  rapid  growth, 
concerns  over  resource  conservation  and  environmental  impacts  from 
this  activity  on  natural  systems  also  are  growing.  After  production 
collapses  in  Taiwan  (Liao  1992),  Thailand  (Stanley  1993)  and  elsewhere, 
it  has  been  realized  that  uncontrolled  expansion  of  shrimp  farming  has 
the  potential  to  negatively  impact  itself  as  well  as  the  adjacent  coastal 
ecosystems. 

Water  exchange  and  discharge  involved  in  shrimp  farming  have  been 
identified  as  the  vehicle  by  which  several  of  the  potential  and  realized 
environmental  impacts  may  occur  (Hopkins  et  al.  1995a).  Therefore, 
there  is  growing  interest  in  development  of  technologies  for  water 
recycling  and  low- water  exchange  (Hopkins  et  al.  1993;  Timmons  & 
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Losordo  1994).  Recirculation  generally  involves  physical  elimination  of 
suspended  solids,  biological  elimination  of  ammonia  and  aeration. 
Recirculation  reduces  waste  discharge  into  the  environment  to  about  3  % 
of  total  waste  produced  and  allows  water  and  energy  conservation 
(Heinsbroek  1988).  Chen  et  al.  (1991)  found  that  shrimp  postlarvae 
reared  in  recirculating  systems  had  better  growth  and  survival  than  those 
in  a  static  system.  However,  recently  Hopkins  et  al.  (1995b)  attained 
lower  feed  conversion  ratios  in  a  zero  water  exchange  pond  than  in 
conventional  commercial  farms,  suggesting  that  current  feeding  practices 
can  be  improved  to  reduce  feed  waste  that  causes  water  quality  prob¬ 
lems.  In  addition  to  environmental  impact  amelioration  by  reduction  or 
elimination  of  aquaculture  effluent  discharge  during  the  culture  period, 
zero  water  exchange  systems  may  provide  additional  economic  benefits 
in  terms  of  reduced  operational  costs  (pumping  versus  aerating  costs, 
etc.)  and  concomitant  production  of  a  second  cash-crop  (e.g.  bivalves). 
Thus,  technical  improvement  and  economic  feasibility  of  water  manage¬ 
ment  techniques  that  reduce  or  eliminate  aquaculture  water  effluent  to 
marine  and  estuarine  ecosystems  are  worthy  subjects  for  research. 

The  objective  of  this  study  was  to  compare  two  different  water 
management  regimes  in  the  laboratory,  static  and  recirculating,  in  terms 
of  survival  and  growth  of  Litopenaeus  vannamei  (Boone)  (cf.  Perez- 
Farfante  &  Kensley  1997)  shrimp  using  postlarvae  as  the  experimental 
animal . 


Materials  and  Methods 

This  study  used  two  identical  culture  systems  within  the  same 
environmentally  controlled  room  each  composed  of  36  rectangular 
fiberglass  tanks  (25  cm  L  by  25  cm  W  by  60  cm  H).  One  of  the 
systems  was  operated  in  the  static  mode  with  aeration  of  water  in  the 
culture  tanks,  but  no  exchange  of  water  between  the  culture  tanks  and 
any  external  source  or  water  treatment  system.  Water  loss  by  evapora¬ 
tion  within  tanks  was  not  replaced  with  new  water.  Water  in  the  second 
system  was  aerated  in  the  culture  tanks  and  recirculated  before  returning 
to  culture  tanks  through:  (1)  fine  sand  filter,  (2)  trickling  and  submerged 
biofilters  filled  with  plastic-bead  media,  (3)  heat  exchanger,  (4)  50-/xm 
cartridge  filter,  and  (6)  ultraviolet  sterilizer,  at  a  water-turnover  rate  of 
130%  per  hour.  Hatchery  reared  L.  vannamei  postlarvae  (PL)  were 
stocked  at  1.5  PL  per  L  (stocking  density  related  to  surface  area  was 
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444  PL  per  m2)  in  20  L  of  water  in  all  culture  tanks.  The  PL  were  fed 
every  96  minutes  with  automatic  feeders  during  the  21 -day  experimental 
period.  Tanks  were  not  cleaned  and  uneaten  feed,  feces  and  molted 
exoskeletons  were  allowed  to  accumulate.  A  total  of  eleven  diets  were 
evaluated  in  two  experiments  as  follows: 

Experiment  one.—  Postlarvae  (PLy-PLjo)  of  0.9  mg  average  initial 
weight  were  fed  slightly  in  excess  according  to  the  following  feed  curve, 
where  y  =  mg  of  feed  per  PL  per  day  and  x  =  day  on  growth  trial: 

day  1  to  16  y  =  1.555  -  0.1 16x  +  0.086x2  -  0.003x3 

day  17  to  20  y  =  -  6.427  +  0.805x 

This  feeding  regime  was  proven  to  be  effective  in  the  laboratory  under 
similar  culture  conditions  (Velasco  et  al.  1998a).  Five  diets  were 
evaluated,  each  having  one  of  three  phosphorus  levels  (0.4,  0.8  and 
1.2%)  from  one  of  three  inorganic  phosphorus  sources  (CaHP04, 
Na2HP04  and  NaH2P04).  Composition  of  experimental  semi-purified 
diets  and  mineral  mixes  is  presented  in  Tables  1  and  2.  A  dietary  Ca:P 
ratio  between  1 : 1  and  1 :2  was  maintained  in  all  five  diets.  Experimental 
diets  were  prepared  by  mixing  dry  ingredients  for  25  minutes  in  a  twin 
shell  dry  V-blender  (maximum  capacity  4  kg,  Patterson-Kelley  Co. ,  East 
Stroudsburg,  Pennsylvania).  The  mixed  ingredients  were  then  trans¬ 
ferred  to  a  food  blender  (Model  C-100,  Hobart  Manufacturing  Co., 
Troy,  Ohio)  and  menhaden  oil  added  into  the  mixture  and  mixed  for  10 
minutes.  Lastly,  0.4  L  boiling  deionized  water  was  added  per  kg  of  diet 
and  mixed  for  five  minutes  to  achieve  a  proper  consistency  of  the  mash 
for  pelleting  with  a  food  mixer  (Model  A-200,  Hobart  Manufacturing 
Co. ,  Troy,  Ohio)  through  a  3  mm  die.  Pellets  were  oven-dried  at  60°C 
to  a  moisture  content  of  7-8% ,  ground  and  sieved  to  1 .0-0.5  mm  particle 
size,  and  stored  at  -10°C  until  used.  Analysis  of  dietary  Ca,  P  and 
proximate  composition  was  performed  by  a  commercial  laboratory 
(Woodson-Tenent  Laboratories  Inc. ,  Memphis,  Tennessee)  from  a  single 
analysis  of  a  homogeneous  feed  sample. 

Seawater  salinity  and  temperature  were  maintained  at  24-26  ppt  and 
27-29 °C,  respectively.  Aeration  via  a  single  airstone  maintained 
dissolved  oxygen  concentration  above  4.0  ppm  in  each  tank.  A  photo¬ 
period  of  12  hours  light  and  12  hours  dark  was  maintained  with  cool 
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Table  1.  Proximate  composition  and  analysis  of  test  diets  used  in  Experiment  1  (%  as-fed 
basis). 


Diet 

1 

2 

3 

4 

5 

Wheat  starch  1 

43.6 

43.6 

43.6 

43.6 

43.6 

Casein  2 

15.6 

15.6 

15.6 

15.6 

15.6 

Soybean  protein  isolate  1 

10.1 

10.1 

10.1 

10.1 

10.1 

Wheat  gluten  1 

7.1 

7.1 

7.1 

7.1 

7.1 

Menhaden  fish  oil 3 

4.0 

4.0 

4.0 

4.0 

4.0 

Krill  meal 4 

4.0 

4.0 

4.0 

4.0 

4.0 

Lecithin  5 

1.0 

1.0 

1.0 

1.0 

1.0 

Cholesterol 1 

0.5 

0.5 

0.5 

0.5 

0.5 

Carboxymethylcellulose  2 

3.0 

3.0 

3.0 

3.0 

3.0 

Diatomaceous  earth  1,6 

6.3 

1.3 

1.3 

1.3 

1.3 

Mineral  mixture  AIN  76  1,7 

4.0 

0.0 

0.0 

0.0 

0.0 

Mineral  mixture  A  7 

0.0 

9.0 

0.0 

0.0 

0.0 

Mineral  mixture  B  7 

0.0 

0.0 

0.0 

9.0 

0.0 

Mineral  mixture  C  7 

0.0 

0.0 

9.0 

0.0 

0.0 

Mineral  mixture  D  7 

0.0 

0.0 

0.0 

0.0 

9.0 

Stay-C®  (25%  active)  8 

0.3 

0.3 

0.3 

0.3 

0.3 

Vitamin  mixture9 

0.5 

0.5 

0.5 

0.5 

0.5 

Proximate  analysis 

Crude  protein 

31.4 

31.6 

33.0 

32.0 

32.7 

Crude  lipid 

5.7 

5.7 

5.7 

5.7 

5.6 

Ash 

11.0 

10.0 

9.1 

10.8 

8.4 

Moisture 

8.0 

7.4 

7.3 

7.3 

7.3 

Calcium 

0.7 

0.7 

0.7 

0.2 

1.1 

Total  phosphorus 

0.8 

0.8 

0.8 

0.4 

1.2 

1  I.C.N.  Biochemicals  Inc.,  Cleveland,  Ohio,  USA. 

2  United  States  Biochemicals,  Cleveland,  Ohio,  USA. 

3  Zapata  Haynei  Corp.,  Reedville,  Virginia,  USA. 

4  Inual,  Santiago,  Chile. 

5  Central  Soya,  Fort  Wayne,  Indiana,  USA. 

6  Acid  washed. 

7  Table  2. 

8  L-Ascorby  1-2-Polyphosphate.  Hoffman-LaRoche  Inc.,  Nutley,  New  Jersey,  USA. 

9  Dawes  Laboratories,  Arlington  Heights,  Illinois,  USA.  Composition  (g/kg):  Retinol 
(22.2),  Cholecalciferol  (1.1),  Tocopherol  (10.3),  Menadione  (2.3),  Thiamine  (5.0), 
Riboflavin  (5.7),  Pyridoxine  (10.1),  Niacin  (10.9),  Pantothenic  acid  (10.9),  Biotin  (0.2), 
Choline  (0.8),  Folic  acid  (3.5),  Cyanocobalamine  (0.02),  Dextrin  (917.0). 


fluorescent  tubes  by  an  automatic  timer.  Water  samples  were  analyzed 
for  total  ammonia-N,  TAN  (Solorzano  1969;  Spotte  1979),  nitrite-N 
(Spotte  1979;  Parsons  et  al.  1989),  and  nitrate-N  (Spotte  1979).  Phos¬ 
phorus  values  were  also  obtained  and  reported  by  Velasco  et  al.  (1998a). 
Water  samples  were  collected  only  at  the  end  of  growth  trial  based  on 
results  from  previous  experiments  (Velasco  et  al.  1998b).  A  spectro¬ 
photometer  (Model  Spectronic  401,  Milton-Roy  Co.,  Rochester,  New 
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Table  2.  Mineral  sources  and  inclusion  levels  (g/kg)  for  mineral  mixes  in  Experiment  1 . 


Mineral  mixture 

AIN  76 a 

A 

B 

c 

D 

Calcium  phosphate  dibasic 

500 

Sodium  phosphate  dibasic 

225 

Sodium  phosphate  monobasic 

29 

225 

338 

Calcium  chloride 

235 

31 

240 

360 

Sodium  chloride 

74 

164 

81 

33 

Diatomaceous  earth 

351 

587 

265 

80 

Other  mineral  components 

426 

1 89  b 

189  b 

1 89  b 

189b 

a  Mineral  mixture  AIN  76  composition  (g/kg):  calcium  phosphate  dibasic  (500.0),  chromium 
potassium  sulfate  (0.55),  cupric  carbonate  (0.3),  ferric  citrate  (6.0),  magnesium  oxide 
(24.0),  manganous  sulfate  (3.5),  potassium  citrate  monohydrate  (220.0),  potassium  iodate 
(0.01),  potassium  sulfate  (52.0),  sodium  chloride  (74.0),  sodium  selenite  (0.01),  sucrose 
(118.0),  zinc  carbonate  (1.6). 

b  Amounts  of  other  mineral  components  in  AIN  76  mineral  mixture  were  reduced  by  55.6% 
in  these  mineral  mixtures. 


York)  was  used  to  read  water  samples.  A  pH  meter  (Model  701A\ 
digital  ionalyzer,  Orion  Research  Inc.,  Cambridge,  Massachusetts)  was 
used  to  measure  pH  every  other  day.  At  the  beginning  and  end  of  the 
growth  trial,  PLs  were  weighed  with  a  paper  towel  to  remove  outside 
water  from  shrimp  and  counted.  Survival,  relative  growth  rate  [(wet 
weight  increase/initial  wet  weight)  x  100]  (Hopkins  1992),  and  feed 
conversion  ratio  (amount  of  dry  feed  fed/wet  weight  increase)  were 
calculated. 

Data  obtained  from  the  experiment,  which  had  a  randomized  design 
with  seven  replicates  per  treatment,  were  analyzed  by  Mest  to  determine 
significant  differences  ( P  <  0.05)  among  treatment  means  (Lentner  & 
Bishop  1993).  All  statistical  analyses  were  performed  using  the  Statis¬ 
tical  Analysis  System  procedures  (SAS  Institute,  Inc.,  Cary,  North 
Carolina,  1989-9 l.JMP  version  2.0.5). 

Experiment  fvvo.—Postlarvae  (PLg-PL10)  of  1.0  mm  average  initial 
weight  were  fed  diets  with  one  of  three  levels  of  crude  protein  (10,  18 
and  25%)  and  one  of  two  levels  of  lipid  (3  and  11%)  according  to  the 
following  feed  curve,  where  y  =  mg  of  feed  per  PL  per  day  and  x  = 
day  on  growth  trial: 


day  1  to  16  y  =  1.597  -  0.1 19x  +  0.088x2  -  0.003 x3 

day  17  to  20  y  =  -  6.593  4-  0.826x 
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Table  3.  Proximate  composition  and  analysis  of  test  diets  used  in  Experiment  2  {%  as-fed 
basis). 


Diet 

6 

7 

8 

9 

10 

11 

Wheat  starch  1 

63.4 

63.4 

54.4 

54.4 

45.5 

45.5 

Soybean  protein  isolate  1 
Wheat  gluten  1 

0.0 

0.0 

5.3 

5.3 

10.6 

10.6 

3.5 

3.5 

7.4 

7.4 

11.3 

11.3 

Menhaden  fish  meal 3 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

Menhaden  fish  oil 3 

0.0 

8.2 

0.0 

8.2 

0.0 

8.2 

Krill  meal  4 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

Lecithin  5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

Cholesterol 1 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Carboxymethylcellulose  2 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

Diatomaceous  earth  1,6 

8.2 

0.0 

8.2 

0.0 

8.2 

0.0 

Mineral  mixture  AIN  76  1,7 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

Na  2HPO  4  reagent 8 

1.9 

1.9 

1.7 

1.7 

1.4 

1.4 

Stay-C  ®  (25  %  active)  9 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

Vitamin  mixture 10 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Proximate  analysis 

Crude  protein 

10.9 

11.1 

18.9 

20.0 

26.1 

26.6 

Crude  lipid 

2.7 

8.2 

2.6 

12.3 

2.9 

11.1 

Ash 

15.6 

7.3 

15.5 

7.9 

15.4 

7.3 

Moisture 

7.8 

8.8 

7.5 

8.5 

7.9 

7.3 

1  I.C.N.  Biochemicals  Inc.,  Cleveland,  Ohio,  USA. 


2  United  States  Biochemicals,  Cleveland,  Ohio,  USA. 

3  Zapata  Haynei  Corp.,  Reedville,  Virginia,  USA. 

4  Inual,  Santiago,  Chile. 

5  Central  Soya,  Fort  Wayne,  Indiana,  USA. 

6  Acid  washed. 

7  Table  2. 

8  Fisher  Scientific,  Houston,  Texas,  USA 

9  L-Ascorby  1-2-Polyphosphate.  Hoffman-LaRoche  Inc.,  Nutley,  New  Jersey,  USA. 

10  Dawes  Laboratories,  Arlington  Heights,  Illinois,  USA.  Table  1 


Composition  of  experimental  semi-purified  diets  is  presented  in  Table  3. 
Proximate  analysis  of  each  diet  was  performed  by  a  commercial  labora¬ 
tory  (Woodson-Tenent  Laboratories  Inc.,  Memphis,  Tennessee).  Graded 
levels  of  protein  were  achieved  by  replacing  wheat  starch  with  wheat 
gluten  and  soybean  protein  isolate.  Energy  level  was  primarily  varied 
by  replacing  acid- washed  diatomaceous  earth  with  fish  oil.  Experimental 
feeds  were  prepared  as  described  in  Experiment  one.  Experimental 
conditions  and  procedures  for  this  randomized  experiment  with  six 
replicates  per  treatment  were  as  previously  described,  except  salinity  was 
25-27  ppt. 
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Results 

In  Experiment  one,  concentrations  (mean  ±  SD)  of  total  ammonia- N 
(TAN),  nitrite-N,  and  nitrate-N  were  0.22  +  0.05  (pH  of  7. 7-7. 9),  2.09 
±  0.24,  and  1.41  ±  0.26  ppm,  respectively,  in  the  static-water  culture 
tanks.  TAN,  nitrite-N  and  nitrate-N  values  in  the  common  effluent  from 
tanks  in  the  recirculating  system  were  0.19  (pH  of  8.0),  1.03  and  1.03 
ppm,  respectively.  In  Experiment  two,  concentrations  (mean  ±  SD)  of 
TAN,  nitrite-N,  nitrate-N  were  0.14  ±  0.12,  0.57  ±  0.54  and  0.57  ± 
0.53  (pH  =  7.8  -  8.0)  ppm,  respectively,  in  the  static- water  culture 
tanks.  Tank-effluent  concentrations  of  TAN,  nitrite-N  and  nitrate-N  in 
the  recirculating  system  were  0.04  (pH  =  8.0),  0.66  and  0.74  ppm, 
respectively. 

Postlarvae  survival  (mean  +  SD)  in  the  static  and  recirculating  culture 
systems  were  86.1%  ±  8.8  and  83.8%  ±  11.4,  respectively  (Tables  4 
and  5).  Postlarvae  survival  did  not  vary  significantly  among  diets 
containing  different  phosphorus  levels  or  inorganic  sources.  Survival 
was  significantly  higher  in  the  static  culture  system  for  diets  containing 
11%  lipid  across  all  protein  levels,  but  similar  between  static  and 
recirculating  systems  for  diets  containing  3%  lipid  level.  Postlarvae 
growth  ranged  from  23.1  to  28.9%  per  day  in  the  static  and  from  22.7 
to  26.7%  per  day  in  the  recirculating  culture  systems  (Tables  4  and  5). 
Postlarvae  growth  was  significantly  higher  in  the  static  culture  system 
for  all  diets  evaluated  except  for  those  containing  10%  protein.  Average 
PL  growth  was  43  %  significantly  higher  in  the  static  system  in  Experi¬ 
ment  one.  In  Experiment  two,  PL  growth  in  static  system  was  enhanced 
10%  for  shrimp  fed  diets  containing  10%  protein,  and  was  42  and  46% 
significantly  higher  for  shrimp  fed  diets  containing  18  and  25%  protein 
levels,  respectively.  Excluding  diets  with  10%  protein,  feed  conversion 
ratios  were  below  2.1  for  shrimp  in  both  systems  (Table  4  and  5). 

Discussion 

Concentrations  of  TAN  and  nitrite-N  were  usually  higher  in  the  static 
than  in  the  recirculating  treatments.  However,  the  higher  concentrations 
of  TAN  and  nitrite-N  in  the  static- water  culture  system  did  not  seem  to 
have  a  negative  effect  on  survival  or  growth  of  the  PL  compared  to  the 
recirculating  system.  Values  for  TAN  and  nitrite-N  observed  in  these 
trials  were  below  those  reported  as  toxic  for  P.  monodon  (Chin  &  Chen 


Table  4.  Biological  performance  of  L.  vannamei  postlarvae  in  two  culture  systems  for  test  diets  evaluated  in  Experiment  1.  Entries  are  sample 
mean  SD  for  the  static  and  recirculating  systems,  respectively.  Number  of  replicates  per  treatment  =  7.  Values  with  different  letters  indicate 
significant  differences  (P  <  0.05). 
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1987;  Chen  &  Chin  1988;  Chen  &  Lei  1990)  and  other  penaeid  species 
(Wickins  1976).  In  Experiment  one  there  is  65%  more  nitrogen  in  the 
static  than  the  recirculating  system  despite  the  fact  that  shrimp  biomass 
and  feed  rate  was  the  same  for  both  systems.  This  could  be  due  to 
nitrogen  uptake  by  a  growing  population  of  bacteria  in  the  biofilters  of 
the  recirculating  system.  In  Experiment  2,  total  amount  of  nitrogen  in 
the  static  and  the  recirculating  system  were  lower  (190%  and  56%, 
respectively)  than  in  the  first  experiment  because  diets  contained  lower 
protein  level. 

The  PL  growth  in  the  static  culture  system  was,  on  average,  43% 
higher  than  in  the  recirculating  system  with  diets  containing  various 
levels  and  inorganic  sources  of  phosphorus,  and  10,  42  and  46%  higher 
with  diets  containing  10,  18  and  25%  protein,  respectively.  It  is  possi¬ 
ble  that  the  presence  of  particle  filtration  and  ultraviolet  sterilization  in 
the  recirculation  system  may  have  reduced  the  water-borne  bacterial 
levels  and  organic  levels  in  a  way  that  inhibited  shrimp  growth.  On  the 
other  hand,  the  static  system  allowed  a  recycling  of  nutrients  (e.g., 
coprophagy  and  biosynthesis  of  cell  material  by  microbial  processing  of 
metabolites,  feed  and  feces)  that  may  have  contributed  to  the  higher  PL 
growth. 

Some  authors  have  suggested  that  bacteria  could  be  a  link  between 
nutrients  in  organic  matter  and  detritivores  including  crustaceans 
(Phillips  1984;  Moriarty  1997).  Coprophagy  has  been  identified  as  a 
mechanism  to  obtain  nutrients  and  vital  elements  used  by  many  marine 
animals  including  the  shrimp  Litopenaeus  setiferus  (cf.  Frankenberg  & 
Smith  1967).  Moreover,  even  if  fecal  material  is  predominantly  indi¬ 
gestible  material,  it  may  contain  bacteria  and  other  microorganism  rich 
in  nutrients  available  to  the  animal  (Newell  1965).  Leber  &  Pruder 
(1988)  have  suggested  that  unknown  autochthonous  factors  in  shrimp 
pond- water  can  stimulate  shrimp  growth.  Thus,  if  the  PLs  are  contribut¬ 
ing  these  growth-enhancing  factors  to  the  water,  growth  also  may  have 
been  stimulated  by  them  in  the  static  culture  system  where  biological 
filtration  was  excluded.  How  much  of  the  growth- enhancing  effect  of 
the  static-culture  system  is  due  to  a  better  cycling  of  nutrients  from  the 
feed  through  bacterial  action  or  to  unknown  growth  factors  should  be 
investigated.  Moss  et  al.  (1992)  observed  that  water-column  solids 
between  0.5  and  5.0  /xm  autochthonously  produced  in  shrimp  pond  water 
increased  shrimp  growth  compared  to  growth  rates  attained  in  clear  well 
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water,  while  solids  >5.0  pn i  improved  shrimp  growth  by  an  additional 
36% .  Results  obtained  during  this  study  indicated  that  enhanced  shrimp 
growth  can  also  be  obtained  under  laboratory  conditions,  and  is  not 
limited  to  the  use  of  pond  water  per  se ,  if  water-borne  solids  are  allowed 
to  accumulate  in  the  culture  system. 

The  lower  growth  increase  with  diets  containing  10%  crude  protein 
compared  to  the  higher  protein  feeds  suggested  that  this  protein  level 
was  growth-limiting  or  that  the  growth-enhancing  factor  may  be  related 
to  the  protein  fraction  of  the  diet  that  was  present  at  adequate  levels  to 
stimulate  PL  growth  at  18%  crude  protein  but  not  at  10%. 

The  data  from  this  research  indicated  that  the  static  culture  system  did 
not  affect  PL  survival  negatively  and  had  a  positive  effect  on  PL  growth 
compared  to  the  recirculating  culture  system  under  the  conditions 
described.  The  PL  growth  was  increased  significantly  and  enhanced 
more  than  40%  with  higher  protein  feeds  within  the  static-culture 
system.  This  suggests  that  both  water  management  regimes  may  be  used 
in  combination  to  optimize  the  culture  system,  implementing  static 
conditions  at  the  beginning  of  the  grow-out  cycle  when  biomass  is  low 
and  recirculating  when  biomass  increases  and  water  quality  deterioration 
may  become  detrimental  to  shrimp  growth.  Optimization  of  water 
management  and  nutritional  strategies  should  be  further  researched  and 
potentially  implemented,  not  only  in  terms  of  environmental  impact 
abatement  but  also  in  potentially  beneficial  biological  and  economic 
terms. 
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THE  INDUCTION  OF  GC  TO  AT 
TRANSITION  MUTATIONS  WITH  ADRIAMYCIN  IN  THE 
BACTERIUM  SALMONELLA  TYPHIMURIUM 

William  J.  Mackay  and  Lisa  A.  Phelps 

Edinboro  University  of  Pennsylvania 
Department  of  Biology  &  Health  Services 
Edinboro,  Pennsylvania  16444 

Abstract.— Adriamycin  is  an  antibiotic  that  is  widely  used  in  chemotherapy.  This  study 
shows  that  in  using  the  Salmonella  Mutagenicity  Assay  that  adriamycin  can  induce  frameshift 
(TA98;  15.4-fold)  and  GC  to  AT  transition  mutations  (TA7004;  7.8-fold).  Interestingly, 
adriamycin,  unlike  daunomycin,  did  not  induce  AT  to  GC  (TA7001)  events  in  this  assay. 


The  anthracycline  antibiotic  adriamycin  (doxorubicin)  is  a  commonly 
used  antitumor  compound  and  has  a  wide  spectrum  of  activity  against 
many  malignancies,  which  include  leukemias,  lymphomas,  carcinomas 
and  sarcomas  (reviewed  by  Gewirtz  1999).  Despite  the  extensive  and 
long-standing  clinical  use  of  adriamycin,  its  mechanism(s)  of  action  is 
uncertain  and  has  long  been  the  subject  of  considerable  controversy. 
Full  realization  of  its  antineoplastic  potential  is  limited  by  an  associated 
cardiotoxicity,  and  there  have  been  extensive  efforts  to  develop  more 
active  and/or  less  cardiotoxic  derivatives  to  combat  this  problem 
(reviewed  by  Hortobagyi  1997;  Kubo  et  al.  2001).  In  order  to  place  the 
development  of  new  derivatives  of  adriamycin  on  a  more  rational  basis, 
there  have  been  widespread  and  concerted  efforts  to  delineate  the 
mode(s)  of  action  of  this  drug. 

Several  studies  strongly  suggest  that  membrane  binding  and 
impairment  of  topoisomerase  II  activity  are  possible  modes  of  action  for 
adriamycin  (reviewed  by  Gewirtz  1999;  Guano  et  al.  1999;  Paglia  & 
Radcliffe  2000).  However,  there  is  an  emerging  body  of  evidence, 
which  also  suggests  that  the  biological  activity  of  this  drug  correlates 
with  DNA  binding  or  with  a  range  of  DNA-related  events  (Phillips  et  al. 
1989;  Frederick  et  al.  1990;  Cirrili  et  al.  1993;  Cullinane  &  van 
Rosmalen  1994;  Ettore  et  al.  1998;  Ren  &  Jenkins,  2000;  Cullinane  et 
al.  2000).  In  addition,  adriamycin  can  also  induce  frameshift  and/or 
base-substitution  mutations  in  prokaryotic  (McCann  et  al.  1975;  McCann 
1976;  Pak  et  al.  1979;  Anderson  et  al.  1980;  Thomas  1987;  Koch  et  al. 
1994)  and  eukaryotic  cells  (Helbig  et  al.  1994;  Helbig  &  Speit  1995). 

It  is  important  to  fully  characterize  the  mutational  spectrum  and 
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mutagenic  specificity  of  adriamycin  as  a  first  step  to  better  understand 
the  antitumor  effects  of  this  compound.  The  use  of  bacterial  mutation 
assays  in  genetic  toxicology  is  now  firmly  established  both  for  funda¬ 
mental  studies  in  mutagenesis  and  carcinogenesis,  and  for  screening 
chemicals  and  environmental  samples  for  genotoxic  properties.  The 
most  used  and  validated  bacterial  reverse-mutation  assay  is  the  Salmonel¬ 
la  Mutagenicity  Assay  (McCann  et  al.  1975;  McCann  1976).  The 
original  Ames  tester  strains  (i.e. ,  TA98,  TA 100,  etc.)  identified  mutagens 
which  reverted  point  mutations  in  the  his  operon  of  Salmonella 
typhimurium.  Although  the  Salmonella  Mutagenicity  Assay  has  been 
widely  used  to  screen  chemicals  for  potential  genotoxicity,  it  was  not 
designed  to  yield  information  about  the  precise  nature  of  the  his + 
revertants  that  were  obtained.  For  example,  TA100  detects  primarily  GC 
to  AT  events,  but  this  strain  can  also  detect  GC  to  TA  and  extragenic 
tRNA  suppressor  mutations  (Koch  et  al.  1994).  TA98  is  a  tester  strain 
that  detects  compounds,  which  induce  frameshift  mutations  (Maron  & 
Ames  1983).  Recently,  a  new  set  of  Salmonella  strains  was  generated 
to  identify  specific  base- substitution  events  (Gee  et  al.  1994;  1998). 
Since  each  strain  can  only  revert  by  a  single  mutational  event,  it  is  not 
necessary  to  further  classify  or  sequence  the  resulting  revertants  in  order 
to  know  the  specific  mutation  that  has  occurred. 

Previous  studies  have  shown  that  adriamycin  is  mutagenic  in  Sal¬ 
monella  typhimurium  (i.e.,  this  compound  elicited  a  positive  response 
with  the  Ames  tester  strains  TA98  and  TA100)  (Maron  &  Ames  1983; 
Thomas  1987;  Koch  et  al.  1994).  The  present  study  was  initiated  to 
examine  if  adriamycin  could  induce  GC  to  AT  and  AT  to  GC  transition 
mutations.  This  study  demonstrates  that  adriamycin  induces  GC  to  AT, 
but  not  AT  to  GC,  transition  events  in  Salmonella  typhimurium. 

Materials  and  Methods 

Bacterial  strains. — The  strains  and  their  genotypes  used  in  this  study 
are  listed  in  Table  1.  TA98  detects  frameshift  mutations  (Maron  & 
Ames  1983).  TA7001  and  TA7004  are  base-substitution  specific  strains, 
which  carry  a  target  missense  mutation  in  the  hisG  gene.  The  latter  two 
strains  revert  to  a  prototrophic  his+  phenotype  via  a  specific  base- 
substitution  event  (TA7001,  AT  to  GC,  and  TA7004,  GC  to  AT)  (Gee  et 
al.  1994;  1998). 

Chemicals.—  Adriamycin  (doxorubicin  hydrochloride),  dimethyl  sul¬ 
foxide  (DMSO),  ICR  191  acridine  mutagen  (6-chloro-9-[3-(2-chloroe- 
thylamino)propylamino]-2-methoxyacridine) ,  N4-aminocytidine  (N4AC) , 


MACKAY  &  PHELPS 


241 


Table  1.  Ames  Salmonella  Strains. 


Strain 


Genotype 


Mutation  Detected 


TA7001 


hisG1775  Aara9  Achll004  (bio  chlD  uvrB  chlA) 
galE503  rfal041lpKM\0\ 


A:T  to  G:C 


TA7004  hisG9133  Aara9  Achll004  (bio  chlD  uvrB  chlA) 

galE503  rfal044/ pKMIOl 


G:C  to  A:T 


TA98 


hisD3052  Aara9  Achll008  (bio  chlD  uvrB  gal) 
rfal004! pKMIOl  (-1  C) 


frameshift 


4-nitroquinoline-N-oxide  (4NQO),  and  streptonigrin  (STN)  were  obtained 
from  Sigma  Chemical  Co.  (St.  Louis). 

Mutation  assays.— The  his  reversion  assays  (triplicate  assays  were 
conducted  for  each  strain)  followed  a  modified  version  of  the  traditional 
Ames  “plate- incorporation”  test  (Maron  &  Ames  1983)  which  utilized 
a  pre-incubation  step  in  order  to  increase  the  sensitivity  of  the  strains  to 
adriamycin  (Thomas  1987)  and  has  been  previously  described  (Mackay 
et  al.  2000).  Very  briefly,  110  /xL  (approximately  1.8  X  10 8  cells)  of 
a  stationary  phase  Salmonella  culture  (TA98,  TA7001  and  TA7004)  was 
exposed  to  adriamycin  (120  /xg/mL)  for  30  minutes  in  a  shaking  incuba¬ 
tor  (250  rpm)  at  37 °C.  100  /xL  was  plated  onto  minimal  agar  plates  that 
contained  2%  glucose,  0.05  mM  L-histidine,  and  0.005  mM  biotin. 
These  selective  plates  were  incubated  at  37 °C,  and  the  numbers  of  his+ 
revertants  were  scored  after  48  hr.  For  each  strain,  a  zero  control  was 
included  in  order  to  estimate  the  number  of  spontaneous  his+  revertants 
in  each  experiment.  The  total  number  of  viable  cells  in  each  experiment 
was  determined  by  plating  serial  dilutions  onto  nonselective  plates 
(Luria-Bertani,  DIFCO).  Mutation  frequency  is  expressed  as  the  average 
number  of  his+  revertants  on  selective  plates  divided  by  the  total  number 
of  viable  cells  (determined  by  the  number  of  colonies  on  the  non¬ 
selective  plates). 

Positive  control  chemicals.— The  Salmonella  strains  TA98,  TA7001, 
and  TA7004  were  tested  using  positive  control  chemicals  that  are  known 
to  be  mutagenic  in  this  assay  (Maron  &  Ames  1983;  Gee  et  al.  1998; 
Christopher  Sommers,  pers.  comm.).  ICR  191  was  prepared  in  DMSO 
(4.0  /xg/ plate)  and  used  as  a  positive  control  for  TA98.  STN,  dissolved 
in  DMSO  (50  r\gl plate),  and  N4AC,  prepared  in  sterile  deionized  water 
(10  /xg/ plate)  were  used  as  positive  controls  for  TA7001.  4NQO,  dis- 
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solved  in  DMSO  (0.4  pg/ plate),  and  N4AC  (10  /xg/ plate)  were  used  as 
positive  controls  for  TA7004. 

Results  and  Discussion 

Previous  studies  indicated  that  adriamycin  induced  frameshift  (i.e., 
TA98)  and  base-substitution  mutations  (i.e.,  TA100)  in  the  bacterium 
Salmonella  typhimurium  (McCann  et  al.  1975;  McCann  1976;  Maron  & 
Ames  1983;  Thomas  1987;  Koch  et  al.  1994).  This  report  demonstrates 
that  adriamycin  can  induce  specific  base-substitution  transition  events. 
Recently,  a  set  of  Salmonella  strains  was  generated  to  identify  specific 
base-substitution  mutations  (TA7001,  AT  to  GC,  and  TA70004,  GC  to  AT) 
(Gee  et  al.  1994;  Gee  et  al.  1998;  Table  1).  This  study  exposed  TA98, 
TA7001  and  TA7004  to  adriamycin  (120  /xg/ml)  and  monitored  the 
number  of  his+  revertants  on  selective  minimal  glucose  plates  (see 
Materials  and  Methods  for  details  of  this  assay).  Serial  dilutions  were 
also  performed  in  each  experiment.  These  diluents  were  plated  onto 
nonselective  plates.  The  total  number  of  viable  cells  were  calculated  and 
it  was  possible  to  calculate  a  mutation  frequency  for  each  strain  tested 
(in  triplicate).  Mutation  frequency  is  expressed  as  the  average  number 
of  his+  revertants  on  selective  plates  divided  by  the  total  number  of 
viable  cells,  which  were  determined  by  counting  the  number  of  colonies 
on  the  non-selective  plates. 

The  results  of  this  study  are  summarized  in  Table  2.  TA98  was 
highly  mutable  (x2:  p<  0.005)  in  this  assay.  This  strain  exhibited  a 
15. 4- fold  increase  in  mutation  frequency  in  the  presence  of  adriamycin. 
These  results  confirmed  earlier  reports,  which  demonstrated  that  adria¬ 
mycin  induced  frameshift  mutations  in  the  traditional  Salmonella 
Mutagenicity  Assay  (i.e.,  TA98  tested  "positive"  with  adriamycin) 
(McCann  et  al.  1975;  McCann  1976;  Maron  &  Ames  1983;  Thomas 
1987).  One  base-substitution  Ames  strain  (TA7004,  GC  to  AT)  also  was 
mutable  in  the  presence  of  adriamycin  (x2:  p<  0.005).  Specifically,  GC 
to  AT  transition  events  (TA7004)  were  induced  7.8-fold.  These  results 
also  confirmed  a  previous  study  which  reported  that  adriamycin  can 
induce  base-substitution  (primarily  GC  to  AT)  mutations  (Koch  et  al. 
1994).  Interestingly,  TA7001  (AT  to  GC)  was  not  mutable  with  adria¬ 
mycin  in  this  assay  (1.1-fold  induction:  x2-  p>0. 10).  Thus,  these 
results  clearly  show  that  adriamycin  can  induce  GC  to  AT  mutations  but 
not  AT  to  GC  events. 
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Table  2.  Mutation  Frequencies  of  Ames  Salmonella  Stains. 


Strain 

Spontaneous  Mutation 
Frequency  (S) 

Induced  Mutation 
Frequency  (I) 

(120  \igl ml  adriamycin) 

Induction  Fold 
(I/S) 

TA7001 

3.0  (±  1.2)  X  10’8 

3.3  (±  0.3)  X  10'8 

1.1 

TA7004 

1.1  (±  0.1)  X  10  7 

8.6  (±  1.0)  X  10  7 

7.8 

TA98 

1.0  (±  0.3)  X  10 *7 

1.5  (±  0.4)  X  lO'6 

15.4 

The  anthracycline  antibiotics  adriamycin  and  daunomycin  have  been 
in  use  for  more  than  thirty  years  and  are  among  the  most  widely  used 
in  cancer  chemotherapy.  However,  adriamycin  is  most  effective  against 
tumors  in  solid  tissues  while  daunomycin  is  used  in  the  treatment  of 
leukemia  (reviewed  by  Gewirtz  1999).  DNA  is  believed  to  be  the 
primary  target  of  their  biological  action  (reviewed  by  Hortobagyi  1997). 
Several  biochemical  analyses  suggest  that  the  interaction(s)  between 
these  anthracy dines  and  DNA  are  complex  in  nature.  Both  compounds 
can  form  DNA  crosslinks  in  vivo  (Skladanowski  &  Konopa  1994)  and 
with  GC  base  pairs,  specifically  a  (GC)4  oligonucleotide,  in  vitro  with 
formaldehyde  (Taatjes  et  al.  1997;  Fenick  et  al.  1997).  The  primary 
mode  of  action  (antitumor  effect)  of  adriamycin  and  daunomycin  appears 
to  be  the  intercalation  of  the  aglycone  portion  of  the  compound  between 
adjacent  DNA  base  pairs,  and  this  activity  results  in  topoisomerase- 
induced  DNA  strand  breaks  (Liu  1989;  Pommier  1995). 

Alkylation  of  DNA  has  also  been  proposed  as  a  possible  cytotoxic 
event  for  both  compounds;  however,  no  structural  evidence  for  its 
occurrence  has  been  reported  (Taatjes  et  al.  1997;  Fenick  et  al.  1997). 
The  quinone  methide  from  reductive  activation  of  the  related  anthra¬ 
cycline,  menogaril,  has  been  shown  to  react  slowly  with  2’-deoxyguano- 
sine  at  its  2-amino  substituent  in  a  strictly  anaerobic  medium.  The 
predominant  reaction  of  the  quinone  methide  from  reduction  of  adria¬ 
mycin  and  daunomycin  is  with  the  proton,  leading  to  the  respective, 
inactive  7-deoxyaglycons  (reviewed  by  Serafino  et  al.  1998). 

The  mutational  analyses  of  this  study  also  suggest  that  the  inter¬ 
action^)  between  these  anthracyclines  and  the  DNA  helix  might  indeed 
be  very  complex.  Both  compounds  are  structurally  very  similar  (i.e., 
these  antibiotics  are  identical,  except  for  the  presence  of  a  hydroxyl  or 
a  hydrogen  at  the  14  position  of  the  anthracycline  ring).  Interestingly, 
these  slight  differences  in  structure  between  adriamycin  and  daunomycin 
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give  rise  to  different  mutational  spectra.  Both  compounds  can  induce 
GC  to  AT  transition  mutations  (Mackay  et  al.  2000;  this  report).  How¬ 
ever,  unlike  daunomycin,  which  can  also  induce  AT  to  GC  mutations 
(Mackay  et  al.  2000),  adriamycin  is  not  mutagenic  with  TA7001  in  the 
Salmonella  Mutagenicity  Assay  (Table  2).  These  results  suggest  that 
there  exist  small  chemical  differences  between  the  binding  of  each  anti¬ 
biotic  with  DNA.  Several  studies  have  reported  that  adriamycin  and 
daunomycin  have  each  been  crystallized  with  short  DNA  templates 
(Frederick  et  al.  1990;  Ettore  et  al.  1998).  These  studies  demonstrate 
that  each  antibiotic  binds  differently  with  the  DNA  helix  and  suggest  that 
the  unique  interactions  of  daunomycin  and  adriamycin  with  DNA  might 
provide  an  explanation  for  the  significantly  different  clinical  activities  of 
the  two  anticancer  drugs. 

It  has  been  well  established  that  modifications  (i.e. ,  alkylation  events) 
at  the  O6  position  of  guanine  and  the  O4  position  of  thymine  lead  to  the 
formation  of  DNA  base  mis-pairs  during  replication  and  can  cause  GC 
to  AT  and  AT  to  GC  transition  mutations,  respectively  (Loechler  et  al. 
1984;  Preston  et  al.  1986).  These  modifications  can  be  removed  in 
prokaryotic  and  eukaryotic  cells  by  a  suicide  protein,  06-alkylguanine- 
DNA-alkyltransferase  (06-MGT)  (reviewed  by  Freidberg  et  al.  1995). 
In  order  to  investigate  a  possible  role  of  06-MGT  in  the  recognition  and 
removal  of  anthracy cline- induced  DNA  adducts,  deletion  mutations  in  the 
bacterial  alkyltransferase  genes  ( adaST  and  ogtST)  will  be  incorporated 
into  the  Salmonella  strains  TA98,  TA7001  and  TA7004  (Yamada  et  al. 
1995;  Xiao  et  al.  1996).  These  alkyltransferase-deficient  strains  will 
then  be  exposed  to  adriamycin  and  daunomycin  to  determine  if  the 
induced  lesions  are  the  targets  of  the  alkyltransferase  protein.  These 
experiments  are  currently  in  progress. 
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Abstract. —Sixteen  microbes  and  one  enteric  protozoal  parasite  were  secured  in  screw-cap 
vials  (CV)  and  dialysis  tubes  (DT)  and  placed  in  a  feedyard  shallow  lake  (playa)  in  the  West 
Texas  High  Plains,  USA.  They  were  removed  weekly  or  monthly  depending  on  their 
susceptibility  to  the  water  environment.  There  were  two  overlapping  studies;  one  started  in 
September  1996  and  was  terminated  390  days  later.  The  second  study  started  in  May  1997 
and  was  terminated  188  days  later.  These  controlled  studies  were  used  to  determine  the 
decrease  in  titers  of  10  bacteria  ( Pasteurella  haemolytica  Al,  Pasteur ella  multocida  A: 3, 
Staphylococcus  aureus ,  Escherichia  coli,  Enterococcus  faecalis,  Actinomyces  pyogenes , 
Salmonella  enterica  serovar  dublin,  Bacillus  thuringiensis,  Klebsiella  pneumoniae  and 
Pseudomonas  aeruginosa );  two  fungi  (. Aspergillus  fumigatus  and  Aspergillus  niger) ;  four 
viruses  (Infectious  Bovine  Rhinotracheaitis  (IBR),  Bovine  Virus  Diarrhea  Virus  (BVD), 
Bovine  Respiratory  Syncytial  Virus  (BRSV),  Bovine  Parvovirus  (BPV)  and  one  protozoal 
parasite  ( Cryptosporidium  parvum),  over  time.  The  Pasteurella  isolates  died  in  both  studies 
within  seven  to  35  days.  Actinomyces  pyogenes  died  within  84  days  in  the  1996  study  and 
survived  for  188  days  in  the  1997  study.  The  remaining  bacterial  isolates  in  1996  survived 
for  390  days  with  low  titers,  except  for  P.  aeruginosa.  Both  fungal  isolates  died  by  390  days 
in  the  1996  study.  All  bacteria  and  fungi  survived  the  188  day  study  in  1997,  except  for  the 
Pasteurella  isolates.  The  titers  of  the  viruses  decreased  rapidly  over  42  days,  except  for 
BPV  in  the  1996  study,  and  all  viruses  were  inactivated  by  day  42  in  the  1997  study. 
Cryptosporidium  parvum  survived  the  1996  winter  but  lost  its  ability  to  infect  infant  mice 
during  the  month  of  May,  1997.  Microbial  survival  decreased  more  rapidly  in  DT  samples 
compared  to  CV  samples. 


Feedyards  with  large  numbers  of  calves  (25,000  to  100,000  head)  are 
becoming  more  highly  regulated  by  state  and  federal  governments  than 
in  the  past  regarding  their  suspected  contribution  to  contamination  of  the 
air  (Elbers  et  al.  1996),  soil  (Faust  1982)  and  water  (Evans  &  Owens 
1972;  Miner  et  al.  1967;  Miner  et  al.  1996).  There  are  many  studies 
which  relate  to  soil  and  water  contamination  by  manure  (Crane  et  al. 
1983;  Diesch  1975).  More  than  20  diseases  have  been  identified  as 
possibly  transferred  from  animal  manure  (Azevado  &  Stout  1974). 
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Manure  contamination  from  dairy  (Jansen  et  al.  1974;  Rankin  &  Taylor 
1969)  and  swine  operations  are  frequently  called  point  source  pollution. 
This  pollution  often  consists  of  nitrate  contamination  of  storm  water 
runoff  which  can  severely  impact  animal  life  and  vegetation  in  streams 
and  rivers  (McLead  &  Hegg  1984;  Power  &  Schepers  1989).  The 
effects  of  this  contamination  are  compounded  by  rapid  algal-blooms 
(Alexander  1974).  One  paper  has  examined  feedyard  nitrate  contamina¬ 
tion  in  the  Texas  High  Plains  of  the  United  States  (Stewart  et  al.  1967). 

Water  quality  is  also  frequently  decreased  by  contamination  from  fecal 
coliforms,  Enterococcus  faecalis ,  Klebsiella  pneumoniae.  Pseudomonas 
aeruginosa  and  Salmonella  due  to  point  source  pollution  (Geldreich 
1969;  Geldreich  &  Kenner  1969;  Yanko  et  al.  1995)  and  non-point 
source  pollution  (Beyer  &  Perry  1987;  Doran  &  Linn  1979;  Doran  et  al. 
1981;  Green  &  Crawford  1990;  Pasquarell  &  Boyer  1995;  Thelin  & 
Gifford  1983).  In  arid  areas,  waste  water  becomes  a  precious  commodi¬ 
ty  and  it  is  frequently  used  for  irrigating  crop  vegetation  and  in  the 
production  of  compost.  It  is  of  interest  to  know  how  long  the  pathogens 
in  the  waste  water  will  survive  on  vegetation  (Bell  1976;  Findlay  1972; 
Tannock  &  Smith  1971). 

Several  studies  have  addressed  the  issue  of  pathogen  contamination 
and  survival  in  waste  water  (Clark  et  al.  1981),  treatment  plants  and 
their  products  (Rudolfs  et  al.  1950a;  Rudolfs  et  al.  1950b;  Stewart  et  al. 
1967).  Some  have  examined  microbial  contamination  of  the  feedyard 
and  its  immediate  environment  (Miner  et  al.  1966;  Miner  et  al.  1967). 
There  is,  however,  a  paucity  of  literature  concerning  feedyard  microbial 
contamination  of  feedyard  lakes.  Also,  little  specific  information  is 
available  on  the  survival  of  microbial  pathogens  located  in  or  near  feed- 
yards  of  the  High  Plains  (Corrier  et  al.  1990).  Two  studies  determined 
aerobic  microbial  counts  from  manure  in  a  small  midwestern  feedyard 
of  5,000  to  10,000  head  (Hrubant  et  al.  1978;  Rhodes  &  Hrubant  1972). 

Microbial  loading  of  the  feedyard,  air,  water  and  soil  in  the  Texas 
High  Plains  of  the  United  States  is  unknown.  It  is  also  unknown  how 
long  pathogens  survive  in  nearby  shallow  lakes  (playas)  of  this  area. 
These  playas  play  an  important  role  in  containing  runoff  from  large 
feedyards,  since  by  their  nature  they  have  no  effective  surface  drainage 
systems.  Playas  provide  a  valuable  source  of  water  for  resident  wildlife 
and  for  migratory  birds  passing  through  the  semi-arid  southwest  Texas 
High  Plains.  It  has  been  suggested  that  water  contamination  from  feed- 
yard  runoff  is  less  of  a  problem  in  arid  than  in  semi-arid  areas  (Viets 
1971)  because  of  fewer  rains.  Nevertheless,  there  is  a  need  to  determine 
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how  long  pathogens  might  survive  in  specific  environments  in  order  to 
evaluate  the  potential  risks  in  using  pi  ay  as  as  a  source  of  drinking  water 
for  wild  animals  and  as  a  source  of  water  for  irrigation  purposes  of  food 
crops. 

This  report  will  focus  on  the  survival  of  10  bacteria,  two  fungi,  four 
viruses  and  one  protozoal  parasite  over  time  in  a  feedyard  pi  ay  a.  The 
study  was  done  in  two  parts,  which  overlapped  in  time.  The  first  was 
started  on  23  September  1996  and  concluded  390  days  later,  and  the 
second  was  started  on  14  May  1997  and  concluded  188  days  later. 

Methods 

Overall  design  and  collection  of  microbes—  The  design  was  to  place 
a  known  titer  of  17  different  agents  in  multiple  sets  of  two  types  of  tubes 
in  a  typical  feedyard  playa.  Randomly  placed  duplicate  tubes  containing 
the  specimens  were  retrieved  at  predetermined  times  and  the  agents  were 
re-titered  to  determine  decreases  over  time. 

The  first  tube  type  was  a  screw-cap  cryro-vial  (CV)  and  the  other  was 
a  dialysis  tube  (DT) .  Multiple  tubes  of  both  types  were  filled  with  the 
identified  agents  and  placed  in  a  bucket  with  numerous  holes  drilled 
into  the  sides  and  bottom.  A  lid  was  attached  snugly.  The  bucket  was 
allowed  to  fill  with  water  and  was  submerged  to  the  bottom  of  the  lake 
(approximately  3  foot  depth)  with  the  aid  of  weights.  A  line  was 
attached  and  anchored  at  die  shore  line  for  easy  retrieval. 

When  CV  sample  tubes  were  collected  from  the  playa  lake  they  were 
placed  on  ice.  When  collected,  the  DT  were  first  placed  in  cold  sterile 
water,  then  on  ice.  Sampling  during  the  first  study  was  determined  to 
be  more  frequent  than  necessary,  therefore,  sampling  frequency  in  the 
second  study  was  reduced.  There  were  two  overlapping  studies.  One 
started  September  1996  (winter),  and  one  started  in  May  1997  (sum¬ 
mer). 

At  the  indicated  times,  samples  in  CV  and  DT  were  removed  from 
the  playa,  protected  from  sunlight,  placed  on  ice  and  immediately  taken 
to  the  United  States  Department  of  Agriculture  laboratory.  Exceptions 
included  the  viral  agents,  which  were  immediately  frozen  and  stored  at 
-85 °C.  After  the  last  virus  samples  were  collected,  they  were  all  placed 
on  dry  ice  and  delivered  to  the  virus  laboratory  where  they  were  thawed 
and  titered  along  with  frozen  controls  which  the  virus  laboratory  had 
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retained.  There  was  also  a  refrigerated  control  for  the  parasite  sample. 
After  each  collection,  the  parasite  samples  were  placed  on  ice  packs  and 
immediately  mailed  overnight  to  the  laboratory,  where  the  samples  were 
inoculated  by  mouth  into  newborn  mice  to  determine  viability  and 
infectivity  of  the  parasites. 

Sampling  intervals  .—In  general,  all  bacteria  and  fungi  were  sampled 
monthly,  except  for  P.  haemolytica  and  P.  multocida  which  were 
sampled  each  week.  The  four  viruses  were  sampled  weekly.  The 
parasite  Cryptosporidium  parvum  was  sampled  monthly. 

Agents. — The  microorganisms  used  were:  (1)  bacteria:  Pasteurella 
haemolytica  Al,  Pasteurella  multocida  A: 3,  Staphylococcus  aureus , 
Escherichia  coli.  Enterococcus  faecalis  (old  nomenclature  Streptococcus 
faecalis),  Actinomyces  pyogenes ,  Salmonella  dublin ,  Bacillus  thuringien- 
sis ,  Klebsiella  pneumoniae ,  Pseudomonas  aeruginosa .  Viruses:  Infec¬ 
tious  Bovine  Rhinotracheaitis  virus  (IBR),  Bovine  Virus  Diarrhea 
(BVD),  Bovine  Respiratory  Syncytial  Virus  (BRSV),  Bovine  Parvovirus 
(BPV);  (2)  fungi:  Aspergillus  Jumigatus ,  Aspergillus  niger;  (3)  Para¬ 
site:  Cryptosporidium  parvum.  The  source  of  most  of  the  bacterial 
agents  was  the  Texas  Veterinary  Diagnostic  Laboratory,  Amarillo, 
Texas.  Bacillus  thuringiensis  and  the  two  fungal  agents  were  supplied 
by  the  Department  of  Microbiology  and  Immunology,  Texas  Tech  Uni¬ 
versity  Health  Science  Center,  Lubbock,  Texas.  The  viruses  were 
supplied  by  the  Texas  Veterinary  Diagnostic  Laboratory.  C.  parvum 
was  supplied  by  the  USDA-ARS,  National  Animal  Disease  Center, 
Ames,  Iowa.  Klebsiella  pneumoniae  was  not  included  in  the  Winter 
1996  study. 

Bacterial  and  fungal  storage ,  culturing,  titrations,  formation  of 
working  pools  and  identification .  —The  microbiological  media  were  from 
Difco  (Detroit,  Michigan)  and  the  diluent  for  serial  plating  was  from 
GIBCO  (New  York).  The  10  bacterial  agents  were  stored  at  (-85 °C)  in 
a  double  strength  skim  milk  medium  (powdered  skim  milk  diluted  with 
1/2  of  the  water  recommended).  The  double  strength  milk  medium  was 
prepared  by  autoclaving  the  skim  milk  for  15  minutes.  Four  milliliters 
of  the  sterile  milk  were  poured  over  a  cultured  lawn  of  bacteria  or  fungi 
and  approximately  100,  2  mm  by  2  mm  pieces  of  sterile  filter  paper 
were  placed  in  the  microbial  suspension.  This  absorption  process  was 
facilitated  by  using  a  sterile  cotton  swab  and  the  paper  strips  containing 
the  microorganisms  were  frozen  at  -85 °C. 
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Pools  of  each  bacterial  agent  were  used  to  inoculate  30  tryptose  agar 
plates  containing  5%  bovine  blood.  These  plates  were  then  incubated 
in  air  with  5%  C02  at  37°C  for  24  hours.  Each  of  the  30  plates  was 
flooded  with  4  mL  of  sterile  physiological  phosphate  buffered  saline 
(PBS),  pH  7.4,  and  the  growth  was  washed  off  with  sterile  cotton  tipped 
swabs.  All  ten  bacterial  suspensions  were  each  pooled  separately.  A 
duplicate  10- fold  serial  dilution  of  the  pool  was  prepared  in  PBS  and  0. 1 
mL  from  each  dilution  was  spread  on  the  surface  of  tryptose  agar  plates 
containing  5  %  bovine  blood.  The  bacterial  pools  were  checked  for  puri¬ 
ty  by  culturing  on  tryptose  agar  plates.  Each  type  of  bacteria  was  iden¬ 
tified  by  colony  morphology,  cell  morphology  and  Gram  stain,  and  by 
standard  bacteriologic  identification  procedures  (Lennette  et  al.  1980). 

The  two  fungal  agents  were  cultured,  pooled  and  titered  similarly  to 
the  bacterial  agents,  except  that  malt  agar  medium  was  used,  and  they 
were  incubated  for  5  days  at  28 °C.  The  fungal  pools  were  checked  for 
purity  by  culturing  on  malt  agar  medium.  The  fungi  were  identified  by 
colony  morphology,  and  histology  of  the  fruiting  bodies  (Larone  1987). 

Viruses  and  virus  titers.—  The  four  virus  pools  (IBR  virus,  BVD, 
BRSV  and  BPV)  were  supplied  fresh,  on  ice,  and  placed  in  vials. 
Specific  virus  titers  were  determined  at  the  start  of  the  study  and  at 
predetermined  intervals  by  end  point  dilution  on  Madin  Darby  Bovine 
Kidney  (MDBK)  cells.  Virus  samples  were  tested  by  10- fold  dilutions 
in  eight  rows  (eight  replications)  of  a  96- well  microtiter  plate.  Virus 
samples  were  diluted  in  minimal  essential  medium  (MEM)  starting  at 
10'1  through  10'8.  Twenty-five  /xL  of  each  virus  dilution  was  added  to 
eight  wells  on  a  microtiter  plate  containing  25  /xL  of  MEM.  After 
adding  the  virus  dilutions,  150  /xL  of  MDBK  cells  in  MEM  with  10% 
bovine  fetal  serum  were  added  to  each  well.  The  added  cell  suspensions 
produced  a  confluent  monolayer  after  24  hours  incubation.  The  plates 
were  incubated  at  37 °C  in  5%  C02  and  characteristic  virus  cytopathic 
effect  was  observed  and  recorded  for  six  days.  The  end  point  virus  titer 
was  calculated  by  described  methods  (Reed  &  Muench  1938). 

Cryptosporidium  parvum. —The  parasite  was  supplied  in  PBS,  on  ice 
and  was  placed  in  vials.  The  concentration  of  the  oocysts  was  4.00xl07/ 
mL  (Sept.,  1996)  and  1.10xl07/mL  (May,  1997).  Three  types  of  con¬ 
tainers  were  used  for  the  parasite:  the  playa  vials  (CV),  the  playa 
dialysis  tubes  (DT),  and  refrigerator  control  vials  (RCV)  were 
maintained  at  4°C. 
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Preparation  of  oocysts  for  seeding  tubes.  —Feces  collected  from  calves 
experimentally  inoculated  with  C.  parvum  (Iowa  isolate)  were  suspended 
in  two  volumes  of  2.5%  potassium  dichromate  solution.  This  suspen¬ 
sion  was  passed  through  a  graded  series  of  sieves  to  remove  large 
particles.  Twelve  milliliters  of  suspension  were  overlaid  onto  15  mL  of 
1:2  Sheather’s  sucrose  solution  with  0.025  M  PBS  in  50  mL  centrifuge 
tubes.  Tubes  were  centrifuged  for  15  min  at  600  x  g.  The  interface 
layer,  containing  oocysts,  was  harvested  with  a  Pasteur  pipette,  and 
diluted  with  PBS  and  centrifuged  for  15  min  at  750  x  g.  The  pellet  was 
re-suspended  in  PBS  and  centrifuged  for  15  min  at  350  x  g.  The  final 
pellet  was  resuspended  in  PBS  and  oocysts  were  enumerated  by  direct 
count  with  a  hemocytometer  (Arrowood  &  Sterling  1987). 

Re-isolation  of  seeded  oocysts  from  tubes. — Tubes  recovered  from  the 
playa  and  refrigerated  control  tubes,  were  sent  to  the  National  Animal 
Disease  Center  (NADC)  Ames,  Iowa,  laboratory  at  monthly  intervals. 
Cryptosporidum  parvum  oocysts  were  recovered  from  the  tubes  by  rins¬ 
ing  with  PBS  and  centrifuging  the  resultant  suspension  for  15  min  at 
1500  x  g.  The  pellet  was  resuspended  in  PBS,  and  centrifuged  for  15 
min  at  750  x  g  and  again  resuspended  and  centrifuged  for  15  min  at  350 
x  g.  The  final  pellet,  resuspended  in  PBS,  was  adjusted  to  106  occysts 
per  mL  for  inoculation  into  infant  mice. 

Assessment  of  oocyst  viability  by  ability  to  infect  infant 
mice.—B ALB/c  mouse  pups  were  obtained  from  a  breeding  colony 
maintained  at  the  NADC.  One- week-old  pups  were  inoculated  orally 
with  0. 1  mL  of  C.  parvum  oocysts  suspended  in  PBS  at  a  concentration 
of  106  per  mL  (105  oocysts  per  pup).  Ten  pup  replications  were  per¬ 
formed.  Pups  were  returned  to  their  dams  following  inoculation.  Seven 
days  post-inoculation,  pups  were  euthanized,  and  the  contents  of  the 
distal  colon  removed.  Smears  of  contents  were  made  on  microscope 
slides,  stained  with  carbol-fuchsin,  and  examined  for  the  presence  of 
oocysts.  Infection  was  quantitated  by  counting  the  numbers  of  oocysts 
in  each  of  ten  random  high  power  (500  x)  microscope  fields  on  smears 
from  each  pup.  Fields  with  more  than  10  oocysts  were  recorded  as 
"10".  The  average  number  of  oocysts  per  field  was  then  calculated  for 
each  group  by  totaling  the  number  of  oocysts  counted  for  all  pups  in  that 
group,  and  dividing  by  the  total  number  of  fields  examined. 

Vials.—  Sterile  polypropylene  vials,  with  screw-tops  (CV)  (VWR, 
Scientific  Products,  McGraw  Park,  Ilinois)  were  labeled  with  the  agent 
number.  They  were  used  in  both  the  September,  1996  and  May,  1997 
studies.  A  refrigerator  control  vial  (RCV)  was  also  used  for  the  C. 
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parvum  parasite  only.  The  dialysis  tubing  (DT)  used  in  the  September, 
1996  study  was  a  screw  cap,  dispos-dialyzers,  10  mL  size,  with  a 
molecular  cut  off  of  25,000  (J.J.  Nita  Burgoon,  Co.,  Forth  Worth, 
Texas),  made  of  regenerated  cellulose.  The  dialysis  tubing  used  in  the 
May,  1997  study  was  Spectrum,  type  F-PVDF  a  teflon  type  material 
with  a  cut  off  of  80,000  molecular  weight  (Spectrum/Microgon,  Laguna 
Hills,  California). 

Play  a  water.— Four  liters  of  playa  water  were  purified  by  passing 
through  four  layers  of  cheese  cloth  and  one  layer  of  cotton,  then  centri¬ 
fuging  at  4000  x  g  for  20  minutes.  The  amber  supernatant  fluid  was 
aspirated  from  the  sediment  material  and  processed  through  a  Whatman 
#3  filter,  then  through  a  Whatman  #42  filter.  It  was  then  filtered 
through  a  large  volume  Millipore  0.22  /xm  pore  size  filter.  The  steri¬ 
lized  playa  water  was  checked  repeatedly  for  bacteria  by  culturing  on 
tryptose  agar  plates.  The  sterile  playa  water  was  added  to  an  equal 
volume  of  each  agent  (bacterial  and  fungal)  pool,  prior  to  placing  in  the 
vials  or  filling  the  dialysis  tube  bubbles.  There  were  two  exceptions: 
playa  water  was  not  added  to  any  of  the  vials  that  contained  viruses  or 
parasites. 

Other  water  quality  assay  tests—  Playa  water  was  periodically  assayed 
for  electrical  conductivity  with  two  hand  held  TDS  meters  models 
WD-35661-30  and  WD-35661-40  (Whatman  Co.,  Hillsboro,  Oregon). 
The  pH  of  the  playa  water  was  measured  with  an  Orion  pH  meter  model 
811,  equipped  with  an  Orion  general  purpose  probe  (9102BN,  Cam¬ 
bridge,  Massachusetts).  The  turbidity  of  the  playa  water  was  measured 
at  wavelength  650  nm  by  a  LKB  Biochrome  spectrophotometer,  model 
4050  (Cambridge,  England).  The  biological  oxygen  demand  (BOD), 
chemical  oxygen  demand  (COD),  and  nitrogen  concentrations  (nitrate 
nitrogen  and  ammonia  nitrogen)  were  determined  at  the  beginning  and 
end  of  the  two  studies  by  the  City  of  Amarillo  waste  water  treatment 
facility. 

Statistical  Methods.— Pathogen  survival  was  analyzed  by  first 
computing  the  cumulative  proportion  of  dead  microorganisms  at  each 
observation.  PROC  GLM  (SAS  Institute  Inc.,  1989)  was  used  to  do 
separate  analyses  of  variance  (ANOVAs)  for  each  period  and  pathogen. 
The  ANOVA  model  tested  the  following  effects:  container  type  (CT), 
replication  within  container  type  (R-CT),  days  since  start  (D)  and  the  CT 
x  D  interaction.  Effect  of  container  type  was  tested  with  R-CT  as  error 
with  the  residual  used  as  error  for  D  and  CT  x  D.  Using  data  from 
days  common  to  both  periods,  Winter  1996  and  Summer  1997  were 
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Table  1.  Feedyard  playa  microbial  means  and  standard  errors.  Proportions  of  dead 
microorganisms  are  shown  by  container  type  and  day,  in  the  1996  winter  study. 


Container 

type 

Day 

Microorganism 

Mean3 

SE 

CV 

4 

P.  haemolytica 

0.99 

0.00 

DT 

1 

P.  haemolytica 

0.95 

0.01 

CV 

1 

P.  multocida 

0.95 

0.01 

DT 

1 

P.  multocida 

0.99 

0.00 

CV 

21 

S.  aureus 

0.98 

0.01 

DT 

7 

S.  aureus 

0.98 

0.01 

CV 

84 

E.  coli 

0.96 

0.01 

DT 

1 

E.  coli 

0.86 

0.10 

CV 

207 

E.  faecalis 

0.98 

0.01 

DT 

21 

E.  faecalis 

0.98 

0.01 

CV 

28 

A.  pyogenes 

0.99 

0.00 

DT 

7 

A.  pyogenes 

0.99 

0.00 

CV 

4 

B.  thuringiensis 

0.96 

0.00 

DT 

7 

B.  thuringiensis 

0.99 

0.01 

CV 

84 

S.  dublin 

0.99 

0.00 

DT 

7 

S.  dublin 

0.99 

0.01 

CV 

84 

P.  aeruginosa 

0.99 

0.00 

DT a 

28 

P.  aeruginosa 

0.97 

NA  b 

CV 

84 

A.  fumigatus 

0.94 

0.00 

DT 

10 

A.  fumigatus 

0.95 

0.01 

CV 

295 

A.  niger 

0.92 

0.00 

DT 

14 

A.  niger 

0.85 

0.01 

a  CT  X  D  interaction  is  not  significant. 
b  NA,  not  applicable. 


compared  for  P.  haemolytica  and  P .  multocida.  The  water  quality 
assays,  pH,  electrical  conductivity,  turbidity,  BOD,  COD,  nitrate 
nitrogen  and  ammonium  nitrogen,  were  used  in  comparing  locations 
with  ANOVAs  done  with  PROC  GLM.  An  effect  was  considered  to  be 
significant  when  P  <  0.05.  For  each  pathogen,  period  and  container 
type,  an  attempt  was  made  to  fit  a  2-parameter  Weibull  function  to  the 
proportion  of  dead  microorganisms  over  number  of  days  using  the 
ordinary  least  squares  option  of  PROC  MODEL  (SAS  Institute  Inc., 
1993). 

Results 

Analyses.— ANOVAs  of  the  winter  1996  bacterial  survival  data  (Table 
1)  indicated  that  container  type  (CT)  x  days  (D)  since  start  interaction 
was  significant  (P<0.05)  for  all  bacteria  except  P.  aeruginosa  (DT,  day 
28).  In  the  summer  of  1997  (Table  2)  the  CT  x  D  interaction  was 
significant  for  all  organisms  except  B.  thuringiensis  (DT,  day  28)  and 
A.  pyogenes  (DT,  day  28).  For  the  above  three  cases  only  D  was 
significant.  In  Tables  1  and  2,  the  means  and  standard  errors  of  the 
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Table  2.  Feedyard  playa  microbial  means  and  standard  errors.  Proportions  of  dead 
microorganisms  are  shown  by  container  type  and  day,  in  the  1997  summer  study. 


Container 

Type 

Day 

Microorganism 

Mean 

SE 

CV 

28 

P.  haemolytica 

0.98 

0.01 

DT 

21 

P.  haemolytica 

0.99 

0.00 

CV 

7 

P.  multocida 

0.95 

0.00 

DT 

7 

P.  multocida 

1.00 

0.00 

CV 

28 

S.  aureus 

0.99 

0.00 

DT 

28 

S.  aureus 

1.00 

0.00 

CV 

90 

E.  coli 

0.99 

0.01 

DT 

56 

E.  coli 

1.00 

0.00 

CV 

56 

E.  faecalis 

0.99 

0.00 

DT 

28 

E.  faecalis 

1.00 

0.00 

CV 

356 

A.  pyogenes 

0.98 

0.01 

DT  a 

28 

A.  pyogenes 

0.99 

NA  b 

CV 

28 

K.  pneumoniae 

1.00 

0.00 

DT 

10 

K.  pneumoniae 

0.87 

0.03 

CV 

120 

B.  thuringiensis 

0.99 

0.00 

DTa 

28 

B.  thuringiensis 

0.99 

NA 

CV 

35 

S.  dublin 

0.55 

0.09 

DT 

28 

S.  dublin 

1.00 

0.00 

CV 

35 

P.  aeruginosa 

0.82 

0.09 

DT 

28 

P.  aeruginosa 

0.98 

0.02 

CV 

90 

A.  jumigatus 

0.99 

0.01 

DT 

56 

A.  jumigatus 

0.95 

0.05 

CV 

180 

A.  niger 

0.84 

0.00 

DT 

56 

A.  niger 

0.95 

0.00 

a  CT  X  D  interaction  is  not  significant. 
b  NA,  means  not  applicable. 


proportions  of  dead  microorganisms  are  shown  for  container  type  and 
days  for  both  periods,  except  for  the  three  cases  where  CT  x  D  was  not 
significant.  Only  the  means  are  given  for  these  three  cases.  The 
ANOVAs  which  included  the  effect  of  period,  using  the  proportions  of 
dead  P.  haemolytica  and  P.  multocida ,  showed  the  P  x  CT  x  D  inter¬ 
action  to  be  significant  for  both  bacterial  species.  The  fitting  of  the 
Weibull  function  to  the  proportions  of  dead  microorganisms  over  the 
appropriate  number  of  days  was  unsuccessful  for  most  bacteria  in  sum¬ 
mer  1997.  The  non-linear  least-squares  procedure  would  not  converge 
with  parameter  estimates.  The  ANOVAs ,  with  means  and  standard 
errors,  taken  together  with  the  curves  indicated  that  for  A.  Jumigatus,  A. 
niger,  K.  pneumoniae ,  S.  enterica  serovar  dublin ,  S.  aureus  and  P. 
aeruginosa ,  survival  extended  beyond  ten  days  in  small  numbers. 

Microbial  survival,  winter  1996.—  The  following  microbes  in  CV  con¬ 
tainers  survived  for  390  days  with  the  individual  colony  forming  units/ 
mL  shown  in  Table  3:  S.  aureus ,  E.  coli ,  E.faecalis ,  B.  thuringiensis , 
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Month/Day 


Figure  1.  Survival  of  Cryptosporidium  parvum  (first  study)  in  playa,  1996-97.  Viability  of 
recovered  C.  parvum  oocysts  as  assessed  by  ability  to  infect  infant  mice.  Left  Y  axis 
shows  the  average  number  of  oocysts  per  microscopic  field  in  smears  from  infant  mice 
inoculated  with  oocysts  recovered  at  the  indicated  dates.  Right  Y  axis  shows  temperature 
of  water  in  playa.  CV  represents  the  viability  of  oocysts  recovered  from  sealed  vials 
immersed  in  the  playa.  RCV  represents  viability  of  oocysts  recovered  from  vials 
refrigerated  at  4°C.  DT  represents  viability  of  oocysts  recovered  from  dialysis  tubes 
immersed  in  the  playa.  PWT  represents  playa  water  temperature  at  indicated  dates. 


S.  dublin  and  P.  aeruginosa.  The  following  microbes  in  CV  did  not 
survive  to  the  end  of  the  study:  A.  pyogenes ,  A.  Jumigatus  and  A. 
niger.  Pasteurella  haemolytica  and  P.  multocida  did  not  survive  to  day 
28  (data  not  shown).  Cryptosporidium  parvum ,  based  on  its  patho¬ 
genicity  in  mice  (Fig.  1).,  was  able  to  survive  through  the  winter  in  the 
playa  and  survived  through  the  month  of  May  (day  235)  but  not  June 
(day  267). 

The  DT  were  removed  after  28  days.  The  microbes  that  were  still 
viable  at  that  time  were:  S.  aureus ,  E.  coli ,  E.  faecalis,  A.  pyogenes 
(removed  on  day  21),  B.  thuringiensis ,  S.  enterica  serovar  dublin ,  P. 
aeruginosa  (removed  on  day  21),  A.  Jumigatus  (removed  on  day  21), 
and  A.  niger ;  their  colony  forming  units/mL  can  be  seen  in  Table  3. 
Pasteurella  haemolytica  and  P.  multocida  in  the  DT  died  out  between 
days  seven  and  14.  The  DT  containing  C.  parvum  was  removed  at  28 
days  and  still  had  viable  oocysts  based  on  the  mouse  infectivity  assay 
(Fig.  1). 
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Virus  survival,  winter  1996.—  The  IBR  virus,  BVD,  BRSV  and  BPV 
titers  (TCID50)  on  day  0  were  5.12xl07,  4.00xl06  ,  4.00xl05  and  8.60x 
106,  respectively.  The  viruses  in  CV  containers  were  all  viable  on  day 
42.  The  DT  virus  titers  were  all  decreased  to  no  more  than  150  virions 
by  day  21  (Table  4). 

Microbial  survival,  summer  1997. — The  following  microbes  in  CV 
containers  survived  for  188  days:  S.  aureus,  E.  coli,  E.  faecalis,  A. 
pyogenes,  K.  pneumoniae,  B.  thuringiensis ,  S.  enterica  serovar  dublin, 
P.  aeruginosa,  A.  fumigatus  and  A.  niger.  Their  titers  can  be  seen  in 
Table  5.  These  microbes  in  CV  did  not  survive  to  the  end  of  the  study: 
P.  haemolytica ,  died  out  after  35  days  and  P.  multocida  did  not  survive 
to  day  35  (data  not  shown);  Cryptosporidium  parvum ,  based  on  its 
pathogenicity  in  mice,  was  alive  in  the  month  of  June  but  it  died  prior 
to  day  61  during  the  month  of  July. 

The  DT  containers  were  removed  if  they  turned  opaque  and  were 
found  to  be  dry  on  the  inside  of  the  dialysis  bag.  None  of  the  DT  con¬ 
tainers  lasted  to  the  end  of  the  188  day  study.  The  last  days  that  the  DT 
tubes  contained  fluid  for  the  following  microbes  in  the  summer  1997 
study  were:  S.  aureus  28,  E.  coli  56,  E.  faecalis  84,  A.  pyogenes  56, 
K.  pneumoniae  28,  B.  thuringiensis  28,  S.  enterica  serovar  dublin  56, 
P.  aeruginosa  28,  A.  fumigatus  84  and  A.  niger  56.  The  titers  (colony 
forming  units/mL)  for  these  dates  and  microorganisms  can  be  seen  in 
Table  5.  The  DT  containers  of  P.  haemolytica  and  P.  multocida  were 
removed  on  day  35  and  their  respective  titers  were  1 .8xl04  and  1 .2xl03. 
The  DT  containers  of  C.  parvum  were  removed  on  day  28  and  were 
shown  to  still  contain  viable  organisms  based  on  the  mouse  infectivity 
assay. 

Virus  survival,  winter  1997.— The  IBR  virus,  BVD,  BRSV  and  BPV 
titers  (TCID50)  on  day  0  were  l.OOxlO7,  2.20xl06  ,  4.00xl04  and  1.04x 
04,  respectively.  The  viruses  in  CV  containers  were  still  viable  by  day 
7.  The  viruses  became  inactivated  over  time  in  the  following  order: 
RSV,  day  21;  IBR,  day  28;  BPV,  day  35  and  BVD,  day  42.  The  DT 
virus  samples  were  all  inactive  on  day  21  (Table  4). 

Play  a  electrical  conductivity,  pH  and  turbidity. — The  electrical 
conductivity  (reported  in  pS/ cm)  of  the  playa  water  was  variable  over 
time  and  among  samples  collected.  The  electrical  conductivity  (n=  17) 
of  the  playa  water  over  time  ranged  from  350  to  3900  pS/ cm:  The  mean 
was  1281  pS/ cm  with  a  SD±  889.  No  discernible  patterns  were 
observed. 


ND,  not  done. 

Retrospectively,  it  was  determined  that  the  Parvovirus  inoculum  in  1996  was  contaminated  with  an  adventitious  virus. 
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Table  4.  Feedyard  playa  virus  survival  data. 

Winter  1996  Identification  and  virus  titer  (tissue  culture  infective  dose  50  percent  endpoint/mL) 

Infectious  bovine  Bovine  virus  diarrhea  Bovine  respiratory  Bovine  parvovirus 

_ rhinotracheitis _  syncytial  virus 


Table  5.  Feedyard  playa  microbial  survival  data,  summer  1997  study. 

Identification  and  microbial  titers  (colony  forming  units/mL)  of  screw-cap  sample  vials  (CV) 
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Old  nomenclature  is  Streptococcus  faecalis. 
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The  pH  (ft  =17)  activity  (reported  in  units)  of  the  play  a  water  was 
measured  from  September  1996  through  November  1997.  The  pH 
values  of  the  samples  were  quite  similar  over  extended  periods  of  time, 
as  were  pH  values  on  samples  taken  within  an  hour  of  each  other.  The 
pH  ranged  from  7.0  to  8.6  units,  with  a  tri-mode  of  7.67  units,  a  mean 
of  7.58  units  and  a  SD  ±  0.36. 

Turbidity  (ft =9)  of  the  play  a  water  was  measured  from  May  through 
October,  1997.  The  water  was  disturbed  as  little  as  possible  prior  to 
taking  the  sample.  The  turbidity  was  measured  at  650  nm  wavelength. 
Turbidity  in  May  was  13.5.  This  increased  to  35.1  in  June  and  de¬ 
creased  to  8.0  in  October.  The  turbidity  of  the  water  in  November  was 
at  its  highest,  77.6,  when  the  wind  was  mixing  the  water  and  sediment 
at  the  time  of  sample  collection. 

Play  a  BOD ,  COD  and  nitrogen. —At  the  beginning  of  the  studies,  the 
following  concentrations  were  found:  BOD,  1006mg/L;  COD,  813 
mg/L;  nitrate  nitrogen,  0  mg/L;  and  ammonia  nitrogen,  28.5  mg/L.  At 
the  end  of  the  studies  the  following  concentrations  were  found:  BOD, 
520  mg/L;  COD,  1380  mg/L;  nitrate  nitrogen,  0.5  mg/L  and  ammonia 
nitrogen,  39  mg/L. 

Discussion 

It  appears  probable  that  most  of  the  microbes  that  wash  into  a  playa 
from  a  feedyard  die  rapidly  over  a  120  day  period,  however  a  residual 
population  of  gram  negative  pathogens  (Tannock  &  Smith  1971)  and 
some  gram  positive  pathogens  are  capable  of  remaining  viable  for  at 
least  a  year  in  feedyard  pi  ay  as.  Of  course,  organisms  in  screw-capped 
vials  or  dialysis  tubing  were  not  exposed  to  the  playa  environment  in  the 
same  way  as  bacteria,  viruses  and  parasites  that  were  freely  deposited 
by  animals,  birds  or  reptiles.  Therefore,  it  is  difficult  to  know  if  the 
results  reported  in  this  study  are  accurate  reflections  of  what  would 
happen  in  the  wild.  However,  if  they  are,  the  survival  of  these  patho¬ 
gens  in  low  numbers  could  potentially  pose  some  danger  of  infecting 
other  susceptible  animals  that  might  come  in  contact  with  or  drink  the 
water.  Therefore,  any  resultant  disease  would  likely  be  due  to  a  com- 
binaion  of  factors  such  as  the  susceptibility  of  the  host,  dose  of  the 
infecting  agent  and  stressful  environmental  conditions.  A  significant 
additional  source  of  gram  negative  pathogens  in  these  pi  ay  as  are  the 
large  migrating  flocks  of  thousands  of  geese,  ducks  and  cranes. 

Consistently  lower  titers  of  bacteria  and  fungi  were  found  in  the 
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dialysis  tubes  when  compared  to  screw-cap  vials.  These  were  initially 
filled  with  1/2  volume  of  sterile  playa  water  and  1/2  by  volume  of  the 
agent  in  physiological  phosphate  buffered  saline.  The  dialysis  tubes 
were  included  in  the  study  to  determine  if  there  were  natural  inhibitors 
of  bacteria  and  fungi  in  the  playa  water.  Conversely  the  investigators 
wanted  to  know  if  the  playa  water  entering  the  dialysis  tubes  could  act 
as  a  growth  medium.  The  latter  was  not  observed  to  any  extent.  The 
possibility  of  a  free  exchange  of  playa  water  inhibitors  in  the  dialysis 
tubes  exists,  whereas  it  would  not  exist  in  the  screw-cap  tubes.  This 
may  account  for  lower  titers  of  the  agents  and  a  more  rapid  die  off  in 
the  dialysis  tubes,  compared  to  the  screw-cap  tubes.  Also,  the  lower 
titers  may  have  been  due  to  the  "leakiness"  of  the  cellulose  acetate 
dialysis  membranes  caused  by  bacterial  degradation. 

If  the  decreased  titers  of  the  agents  in  the  dialysis  tubes  were  due  to 
inhibitors  in  the  playa  water,  then  it  might  be  expected  that  the  mem¬ 
brane  filtered  playa  water  added  to  the  screw-capped  tubes  might  eventu¬ 
ally  kill  all  the  microorganisms  present.  It  might  also  be  argued  that  the 
filtration  technique  might  take  out  all  or  part  of  the  potential  inhibitors. 
Conversely,  the  filtered  playa  water  might  serve  as  a  growth  medium. 

Pasteurella  haemolytica  and  P.  multocida  had  the  poorest  survival  of 
all  the  bacteria  tested.  This  was  not  unexpected,  since  both  are  rather 
fastidious  agents  in  the  laboratory  and  will  die  out  after  a  few  days  in 
the  incubator  at  37 °C  on  Tryptose  blood  agar.  These  organisms  will  not 
survive  in  culture  plates  for  a  week  or  longer  on  a  lab  bench  at  ambient 
temperature  and  will  not  survive  for  more  than  a  few  weeks  in  the 
refrigerator. 

The  poor  ability  of  bovine  P.  multocida  to  survive  in  playas  during 
the  winter  or  summer  months  is  an  important  finding  for  feedyard 
owners.  It  has  been  suggested  that  perhaps  bovine  P.  multocida  is 
involved  in  avian  pasteurellosis  (fowl  cholera)  in  feedyard  playas; 
however,  bovine  isolates  were  avirulent  when  injected  into  mallard 
ducks.  Avian  isolates  recovered  from  wild  mallards,  wild  turkeys  and 
a  bald  eagle  were  virulent  after  injections  were  administered  to  mallard 
ducks  (Windingstad  et  al.  1988).  Avian  strains  of  P.  multocida  are 
significant  pathogens  which  induce  avian  cholera  in  migratory  water 
fowl,  especially  ducks  and  geese  inhabiting  playas  of  the  High  Plains. 
The  avian  strains  have  killed  millions  of  birds  since  they  were  first 
reported.  An  avian  cholera  outbreak  in  1944  was  first  seen  at  the 
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Muleshoe  National  Wildlife  Refuge  in  the  duck  population  (Steiert 
1995).  Avian  cholera  was  also  reported  in  Castro  County,  Texas  in  the 
1940s.  The  source  was  thought  to  have  been  chicken  carcasses  that 
were  dumped  in  playa  drainage  (Quortrup  et  al.  1946). 

The  CV  with  A.  niger  maintained  a  higher  titer  than  those  that  con¬ 
tained  A.  Jumigatus.  The  main  difference  between  the  two  fungi  was 
that  A.  niger  had  a  higher  initial  titer  due  to  its  excellent  spore  produc¬ 
tion  in  two  days.  The  A.  Jumigatus  culture  had  fewer  spores  at  seven 
days.  More  colonies  probably  originated  from  its  hyphae,  thus  a  lower 
original  titer  occurred  compared  to  A.  niger.  It  is  probable  that  hyphal 
elements  are  more  susceptible  to  environmental  stress  than  the  spores. 

All  four  viruses  (IBR,  BVD,  RSV  and  BPV)  in  the  DT  samples  were 
decreased  in  titer  by  day  21  in  the  September  1996  study  and  the  same 
decrease  was  observed  by  day  seven  in  the  1997  study  (Table  4).  The 
1996  CV  samples  of  the  BVD  and  IBR  virus  had  decreased  to  a  virus 
titer  of  60,000  tissue  culture  infective  doses  (TCID50)/mL  by  day  42. 
The  BPV  virus  titer  on  day  42  remained  high,  7,840,000  TCID50/mL. 
Retrospectively,  it  was  determined  that  the  initial  BPV  inoculum  in  1996 
only,  was  contaminated  with  an  adventitious  virus  and  the  RSV  titer  was 
practically  non-existent.  The  CV  samples  of  the  four  viruses  decreased 
more  rapidly  during  the  May  1997  study,  probably  due  to  the  hot 
ambient  temperature.  The  DT  samples  of  IBR  and  BPV  were  inacti¬ 
vated  by  day  seven  and  BVD  and  RSV  were  inactivated  by  day  14.  The 
CV  samples  were  inactivated  in  the  following  order:  RSV,  day  14;  IBR 
virus,  day  28;  BVD  and  BPV,  day  42. 

The  oocysts  of  C.  parvum  are  quite  resistant  to  environmental 
conditions,  however  they  were  susceptible  to  freezing  and  apparently  to 
the  hot  summer  weather  of  the  Texas  Panhandle.  However,  the  depth 
of  water  probably  had  a  bearing  on  their  survival  through  the  summer 
and  winter  months.  C.  parvum  probably  survived  the  winter  because  the 
playa  never  froze  to  the  bottom  where  the  tubes  were  located.  The 
shallow  water  and  the  hot  temperature  of  the  1997  summer  appeared  to 
destroy  the  oocysts  viability. 

The  pH  of  the  playa  was  more  constant  in  the  neutral  and  slightly 
basic  range  than  expected.  It  was  also  unexpected  to  find  the  electrical 
conductivity  so  variable  within  a  playa.  Turbidity  was  quite  variable 
and  increased  with  high  winds  and  also  when  large  flocks  of  migratory 
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fowl  used  the  play  a  as  a  stopover  in  their  migration. 

This  study  indicates  that  there  was  a  rapid  microbial  decline  in 
pathogen  viability  in  the  DT  samples  over  a  one  month  period.  How¬ 
ever,  the  data  also  show  that  pathogens  in  tubes  are  capable  of  surviving 
in  the  playa  environment  at  a  low  population  density  for  long  periods  of 
time  (a  year  or  longer).  It  should  be  pointed  out  that  survival  of  the  test 
organisms  in  the  sterile  playa  water  in  this  study  could  be  quite  different 
from  survived  in  nonsterile  playa  water  where  inhibition  and/or  competi¬ 
tion  by  naturally  occurring  microorganisms  could  have  a  negative  impact 
on  pathogen  survival. 

Feedyard  playas  should  be  fenced  off  to  prevent  stray  calves  from 
wandering  into  the  potentially  contaminated  water.  It  appears  that  the 
practice  of  placing  grass  fdter  strips  (Young  et  al.  1980;  Yanko  et  al. 
1995)  between  the  feedyard  and  playa  should  reduce  the  total  solids, 
BOD,  COD,  ammonia  nitrogen,  viral,  bacterial  and  endotoxin  load  of 
playas  and  would  be  a  good  idea.  Finally,  individuals  responsible  for 
feedyard  playa  water  resources  should  be  cautious  in  the  application  of 
these  waters  to  fields  and  crops  (Bell  1976),  and  for  dust  abatement, 
because  the  water  may  be  contaminated  with  pathogens.  Particular 
attention  should  be  taken  in  irrigating  crops  with  feedyard  water.  This 
would  include  allowing  for  sufficient  time  to  expire  prior  to  the  con- 
sumpion  of  the  crop.  This  will  allow  for  a  further  decrease  in  potential 
pathogen  viability. 
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Abstract.— Frequency  distributions  of  the  sizes  of  the  geographical  ranges  of  mammalian 
species  in  Texas  are  bimodal;  aggregations  of  species  occur  in  both  small  and  large  areas, 
with  relatively  fewer  numbers  in  areas  of  intermediate  size.  Similar  data,  at  the  scale  of 
North  America,  are  unimodal  and  strongly  skewed  to  the  right.  This  contrast  is  a  qualitative 
effect  of  scaling  between  two  areas  that  differ  greatly  in  size.  This  empirical  pattern  may 
characterize  many  floral  and  faunal  studies,  at  state  or  regional  levels.  Inferences,  based  on 
the  assumption  of  geographical  pattern  invariance,  across  scalar  transformations,  should  be 
done  with  caution. 


The  scale  at  which  observations  are  made  influences  the  patterns  that 
are  perceived  (Erickson  1945;  Levin  1992;  Lyons  &  Willig  1999).  This 
suggests  that  scale  should  be  taken  into  consideration  when  inferences 
are  made  about  processes  responsible  for  observed  patterns.  Phenomena 
that  are  important  at  one  scale  may  become  unimportant,  or  even  non¬ 
existent,  at  a  different  scale.  Since  biogeographers  frequently  use 
mensurative  scales  in  their  methodology,  and  since  nature  is  strongly 
scale  dependent  (Allen  &  Starr  1982),  it  is  prudent  to  investigate  the 
effects  of  transitions  from  one  scale  to  another. 

In  this  paper  the  effects  of  a  scalar  transition  from  the  area  of  the 
state  of  Texas  to  the  area  of  the  continent  of  North  America  is  investi¬ 
gated.  The  data  are  the  mammalian  species  native  to  the  state  of  Texas, 
USA  and  the  area  over  which  they  are  distributed  within  the  state.  The 
taxa  considered  are  the  class  Mammalia  and  the  orders  Chiroptera, 
Rodentia  and  Carnivora.  It  is  shown  that  a  bimodal  pattern  for  these 
taxa,  at  a  state  level,  changes  to  a  unimodal  pattern  when  the  scale  is 
increased  to  include  the  entire  continent.  The  pattern  observed  for 
Texas  could  not  be  extrapolated  to  North  America  because  the  two  are 
qualitatively  different.  This  change  in  pattern  is  interpreted  as  a  direct 
consequence  of  scale. 


Materials  and  Methods 

The  state  of  Texas  occupies  about  69.2  by  104  km2  in  the  south- 
central  region  of  the  USA.  Since  the  states’  size,  shape  and  orientation 
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were  determined  by  political  considerations,  it  may  be  considered  to  be 
an  arbitrary  (but  not  random)  sample  for  the  study  of  mammalian 
distributions.  Outline  maps  were  prepared  of  the  geographical  distribu¬ 
tions,  within  Texas,  of  141  species  of  mammals  native  to  the  state.  All 
known  records  of  marginal  specimens  were  used  as  a  guide  to  map 
preparation.  A  system  of  quadrats,  each  representing  63.9  km  on  a 
side,  was  fitted  to  the  outline  maps  and  species  were  recorded  as  either 
present  or  absent,  within  each  quadrat.  Such  maps  have  been  used  as 
a  basis  for  making  inferences  about  the  distributional  biology  of 
mammals  (Simpson  1964;  Pagel  et  al.  1991).  The  data  are  functionally 
equivalent  to  a  full  census. 


Results 

Figure  1  has  graphs  of  the  number  of  species  in  Texas  that  occupy 
areas  of  different  sizes  within  the  state.  Since  a  species  and  its  range 
have  a  one-to-one  correspondence,  this  figure  is  also  a  frequency  distri¬ 
bution  of  geographical  range  sizes.  Each  of  the  four  taxa,  represented 
for  Texas,  has  aggregations  of  species  in  small  areas  (Fig.  1).  The 
value  for  carnivores  is  somewhat  lower  than  the  values  for  the  other 
taxa,  with  respect  to  the  range  in  the  data. 

In  addition  to  aggregations  in  small  areas,  the  class  Mammalia  and  the 
orders  Chiroptera  and  Carnivora  also  have  aggregations  of  species  in 
large  areas  of  Texas.  Values  in  large  areas  are  relatively  low  for 
Chiroptera  but  high  for  Carnivora.  There  is  only  a  slightly  higher  value 
in  large  areas  for  Rodentia.  These  taxa  have  bimodal  frequency  distri¬ 
butions,  when  species  number  is  plotted  as  a  function  of  the  geographi¬ 
cal  area  over  which  said  species  are  distributed.  Their  graphs  exhibit 
both  a  higher  number  of  widely  ranging  species  and  a  higher  number  of 
narrowly  ranging  species.  Relatively  fewer  species  have  ranges  in  any 
one  intermediate  size  class. 

The  graphs  in  Figure  1 ,  at  the  scale  of  North  America,  were  adapted 
from  Pagel  et  al.  (1991).  These  graphs  were  based  on  data  tabulated 
from  the  presence  or  absence  of  species  geographical  ranges,  in  a  square 
quadrat  system,  that  was  analogous  to  the  one  used  to  obtain  the  Texas 
data.  The  North  American  data  are  unimodal  and  very  right  skewed  for 
Mammalia,  Chiroptera  and  Rodentia.  Aggregations  in  small  areas  are 
by  far  the  most  frequent.  Carnivora  is  different.  This  order  has  a 
truncated  mode  on  the  left  and  a  symmetrical  mode  on  the  right;  in  this 
sense  Carnivora  is  bimodal  at  the  continental  level. 
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of  species,  expressed  as  a  function  of  the  percentage  area  of  Texas  or 
over  which  the  species  are  geographically  distributed. 
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Discussion 

If  one  does  not  consider  species  aggregations  in  large  areas  of  Texas 
for  Mammalia,  Chiroptera  and  Carnivora,  than  the  data  exhibit  basic 
similarities  at  both  the  continental  and  state  scales.  Mammalia, 
Chiroptera  and  Rodentia  in  Texas  are  skewed  to  the  right  and  concave 
upward.  The  corresponding  graphs  for  North  America  also  exhibit  this 
basic  pattern,  except  that  they  are  even  more  strongly  skewed  to  the 
right.  The  pattern  of  Carnivora  in  Texas  is  suggestive  of  its  correspond¬ 
ing  pattern  for  North  America.  Both  have  substantial  aggregations  in 
small  areas  but  few  species  in  large  areas.  The  higher  middle-right  part 
of  the  graph  for  Texas  Carnivora  is  suggestive  of  the  higher  middle-right 
part  of  the  graph  for  North  American  Carnivora. 

The  most  noteworthy  difference,  between  the  data  for  Texas  and  the 
continental  data,  is  that  the  Texas-pattern  has  aggregations  of  substantial 
size  in  large  areas  for  Mammalia,  Chiroptera,  Carnivora  and  possibly 
Rodentia.  In  contrast,  North  America  does  not  exhibit  this  pattern.  The 
data  for  North  America  lack  aggregations  of  species  in  large  areas  and 
so  are  unimodal. 

Aggregations  in  large  areas,  of  the  Texas  data,  may  be  caused  by  the 
considerable  difference  between  the  size  of  the  state  and  the  size, 
orientation  and  location  of  the  full  continental  ranges  of  Texas  mammals 
(Brown  1984;  1995).  The  continental  spatial  scatter  of  the  centroids  of 
distribution  of  Texas  mammals,  plus  their  different  sizes  and  shapes,  are 
sufficient  conditions  for  this  to  be  the  case.  For  example,  the  mean 
range  size  for  North  American  mammals  is  only  7.8%  of  the  continent. 
The  species  with  the  largest  range,  the  white- tailed  deer,  Odocoileus 
virginianus  (Boddaert),  occupies  about  84%  of  the  continent  (Pagel  et 
al.  1991).  In  contrast,  Texas  has  about  14  species  of  mammals  that 
occur  throughout  all  or  most  of  the  state  (Fig.  1 ,  aggregations  in  large 
areas  for  Mammalia).  Most  of  these  same  14  species  occur  across  only 
a  fraction  of  the  North  American  continent,  as  defined  and  treated  by 
Hall  (1981);  none  occurs  throughout  all  of  North  America.  In  a 
continent  wide  study  these  same  14  species  would  shift  position,  from 
their  place  in  the  widespread  mode  relative  to  Texas,  to  a  new  place  at 
an  intermediate  or  even  restricted  mode,  relative  to  the  continent.  The 
losses  of  the  widespread  mode  would  become  the  gains  of  the  restricted 
mode.  In  principle  such  attrition  could  lead  to  the  loss  of  almost  the 
entire  widespread  mode,  along  with  a  concomitant  buildup  of  the  inter- 
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mediate  and  restricted  modes.  A  simple  expansion  of  scale  transforms 
bimodal  data  into  unimodal  data.  In  Texas  the  widespread  mode  cannot 
disappear  completely  because  species,  which  are  widespread  with  respect 
to  the  continent,  will  also  probably  be  widespread  with  respect  to  Texas. 
Furthermore  a  suite  of  species  of  statewide  occurrence  is  a  known  fact. 

This  general  effect  is  reinforced  by  considerations  of  the  average 
range  sizes  among  orders.  The  average  ranges  of  bats,  rodents  and 
carnivores  share  the  same  ordinal  relationship  for  both  Texas  and  North 
America,  but  are  proportionally  much  smaller  for  North  America  (bats 
4.4%,  rodents  6.5%  and  carnivores  35.2%,  of  the  continent  respective¬ 
ly)  than  they  are  for  Texas  (29.6%,  30.8%  and  55.1%  of  the  state 
respectively).  In  both  Texas  and  North  America  the  ranges  of  bats  and 
rodents  are  relatively  small  and  differ  from  each  other  by  only  about 
2%,  whereas  the  ranges  of  carnivores  are  about  25  to  30%  larger  than 
those  of  either  bats  or  rodents.  This  areal  relationship  biases  the  Texas 
data  toward  the  right-hand,  widespread  mode  of  Figure  1 ,  relative  to 
patterns  obtained  by  the  same  procedure  at  a  continental  scale. 

One  should  not  suppose  that  one  scale  is  intrinsically  right  and  the 
other  wrong  (Allen  &  Starr  1982;  Levin  1992),  both  are  correct  and 
relevant  with  respect  to  their  own  frame  of  reference.  The  phenomenon 
of  bimodality  at  one  scale  and  unimodality  at  another  should  not  be 
peculiar  to  Texas.  If  the  matter  were  looked  into,  it  should  be  found  to 
characterize  many  works  on  the  fauna  and  flora  of  spatially  delimited 
areas  that  do  not  have  natural  boundaries.  To  whit,  the  frequency 
distributions  emergent  from  a  study  of  chiropteran  or  marsupial  geo¬ 
graphical  ranges  in  North  America,  north  of  Mexico,  would  be  strongly 
affected  by  the  exclusion  of  the  many  chiropteran  and  marsupial  species 
in  Mexico  and  Central  and  South  America. 
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Abstract.— County  records  are  presented  for  mammals  in  Texas  from  the  Angelo  State 
Natural  History  Collections  of  Angelo  State  University.  Seventy-nine  records  representing 
35  species  of  mammals  and  38  counties  in  Texas  are  reported.  Records  for 
A mmosp ermoph ilus  interpres,  Geomys  texensis  and  Vulpes  vulpes  represent  range  extensions. 


The  systematic  collections  of  vertebrates  and  plants  at  Angelo  State 
University,  now  known  as  the  Angelo  State  Natural  History  Collections 
(ASNHC),  were  initiated  in  the  mid- 1960’s  by  members  of  the  Depart¬ 
ment  of  Biology.  The  Collection  of  Mammals  was  begun  by  Drs. 
Wilmot  A.  Thornton  and  Gordon  C.  Creel,  biologists  who  also  contri¬ 
buted  to  the  knowledge  of  mammalian  distribution  and  systematics  in 
west  Texas  (Thornton  et  al.  1971;  Thornton  &  Creel  1975a;  1975b). 
Over  the  next  three  decades,  the  collection  of  mammals  grew  under  the 
direction  of  W.  A.  Thornton,  Mark  D.  Engstrom  and  Robert  C.  Dowler 
to  its  current  size  of  more  than  11,000  specimens.  Unfortunately, 
because  of  the  university’s  size  and  location,  many  studies  of  Texas 
mammals  failed  to  include  reference  to  specimens  at  the  ASNHC. 

A  search  of  the  Collection  of  Mammals  at  the  ASNHC  has  resulted 
in  79  unreported  county  records  representing  35  species  from  Texas. 
The  species  accounts  reported  herein  represent  new  records  from  all  ten 
of  the  major  ecological  regions:  Piney woods,  Coastal  Prairies  and 
Marshes,  Post  Oak  Savannah,  Blackland  Prairies,  Cross  Timbers  and 
Prairies,  South  Texas  Plains,  Edwards  Plateau,  Rolling  Plains,  High 
Plains,  and  Trans-Pecos  Mountains  and  Basins  (Davis  &  Schmidly 
1994).  The  currently  recognized  distribution  in  Texas  and  a  brief 
description  of  the  geographic  region  are  summarized  for  each  species. 
The  specimens  examined  are  arranged  alphabetically  by  county. 
Taxonomy  and  order  of  the  accounts  follow  Manning  &  Jones  (1998). 
Sight  records  are  verified  for  the  porcupine,  Erethizon  dorsatum  and  for 
the  coyote,  Canis  latrans  reported  by  Goetze  (1998),  and  for  Taxidea 
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taxus  reported  by  Choate  (1997).  Range  extensions  are  recognized  for 
two  rodents,  Ammospermophilus  interpres,  Geomys  texensis  and  the  red 
fox,  Vulpes  vulpes. 


Species  Accounts 

Didelphis  virginiana.— The  distribution  of  the  Virginia  opossum 
includes  the  majority  of  Texas  excluding  a  portion  of  the  Trans-Pecos 
(Davis  &  Schmidly  1994).  New  records  from  the  Rolling  Plains  are 
reported  for  Fisher  and  Glasscock  counties.  New  records  from  the 
Edwards  Plateau  are  reported  for  Coleman,  Concho,  Crockett, 
Schleicher  and  Sterling  counties.  A  specimen  labeled  as  occurring  in 
Schleicher  Co.,  30.0  mi.  W  of  Eldorado  is  actually  from  Crockett 
County. 

Material  examined.—  Coleman  Co.,  1  mi.  N,  1  mi.  W  of  Valera 
(ASNHC  10195).  Concho  Co.,  6.0  mi.  NE  of  Paint  Rock  (ASNHC 
10419).  Crockett  Co.,  30  mi.  W  of  Eldorado  (ASNHC  9609).  Fisher 
Co.,  10  mi.  W  of  Roby  (ASNHC  5359).  Glasscock  Co.,  16.1  mi.  N, 
0.5  mi.  E  of  Garden  City,  Hwy  80  (ASNHC  10621).  Schleicher  Co., 
10.0  mi.  N,  4.0  mi.  E  of  Eldorado  (ASNHC  10420).  Sterling  Co.,  16 
mi.  NW  of  Sterling  City  (ASNHC  8683). 

Cryptotis  parva. — The  least  shrew  occurs  in  the  eastern  and  central 
portions  of  the  state,  ranging  west  in  the  Panhandle  to  the  New  Mexico 
line,  and  to  Val  Verde  County  along  the  Rio  Grande  (Davis  &  Schmidly 
1994).  On  the  Edwards  Plateau  region,  Goetze  (1998)  reported  this 
species  as  an  unverified  occurrence,  resulting  from  lack  of  museum 
specimens,  unsuitable  climatic  and  edaphic  conditions.  Dowler  &  Boyd 
(1996)  reported  a  record  for  this  species  in  Tom  Green  County,  extend¬ 
ing  the  range  for  this  species  to  just  north  of  the  Edwards  Plateau 
region.  They  also  noted  that  a  specimen  from  3.5  mi.  NE  of  Eden, 
Concho  County,  listed  as  C.  parva  in  the  catalog  of  the  Strecker 
Museum,  Baylor  University,  was  missing  and  presumably  lost.  On  5 
October  1997  a  specimen  of  C.  parva  from  Eden  in  Concho  County  was 
salvaged  from  a  cat,  representing  the  only  documented  specimen  from 
the  Edwards  Plateau  region. 

Material  examined.—  Concho  Co.,  Eden  (ASNHC  11116). 

My otis  velifer. — The  cave  myotis  occurs  throughout  most  of  western 
Texas  including  south  Texas,  eastern  portions  of  the  Panhandle,  and 
north-central  Texas  (Davis  &  Schmidly  1994).  The  species  is  a 
colonial,  year-round  resident  in  the  High  Plains,  Rolling  Plains, 
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Trans-Pecos  and  Edwards  Plateau;  it  is  also  found  in  the  South  Texas 
Plains  during  the  summer  (Schmidly  1991;  Choate  1997).  Three  males 
were  collected  on  26  March  1986  from  Knox  County  on  the  Rolling 
Plains.  One  female  was  collected  on  2  August  1998  from  Schleicher 
County  in  the  Edwards  Plateau. 

Material  examined.—  Knox  Co.,  10  mi.  W  of  Vera  (ASNHC  4297- 
4299).  Schleicher  Co.,  2  mi.  SW  of  Eldorado  (ASNHC  1 1 1 17). 

Lasiurus  cinereus.— The  distribution  of  the  hoary  bat  is  broad  but 
represented  by  scattered  records  (Davis  &  Schmidly  1994).  It  has  a 
fall-spring  migratory  pattern  but  has  been  reported  in  Texas  during  the 
winter  (Schmidly  1991).  A  single  female  was  collected  from  Midland 
County  in  early  December  1982,  representing  a  record  from  the 
southern  High  Plains  region  of  Texas.  Another  female  was  collected  in 
mid- April  1994  from  Calhoun  County  and  is  one  of  only  a  few  records 
for  this  species  from  the  coastal  prairies  and  marshes  of  eastern  Texas, 
where  it  is  considered  uncommon  (Schmidly  1983). 

Material  examined—  Calhoun  Co.,  1.3  mi.  S,  14.6  mi.  W  of  Port 
Lavaca,  Guadalupe  Delta  Wildlife  Management  Area  (ASNHC  10624). 
Midland  Co.,  Midland  (ASNHC  5361). 

Nycticeius  humeralis .—The  evening  bat  occurs  in  the  eastern  one-third 
of  the  state  where  it  is  considered  a  species  of  forested  areas,  especially 
along  rivers  (Schmidly  1991).  Recent  records  have  extended  its  distri¬ 
bution  west  to  include  Tom  Green  County  (Dowler  et  al.  1992;  Boyd  et 
al.  1997)  and  Val  Verde  and  Presidio  counties  (Dowler  et  al.  1999). 
The  evening  bat  has  been  collected  during  all  times  of  the  year  suggest¬ 
ing  that  it  is  a  year-round  resident  despite  its  migratory  nature  (Schmidly 
1991).  Two  females  were  collected  on  8  January  1993  in  Starr  County 
near  the  Rio  Grande  from  the  South  Texas  Plains  region. 

Material  examined.— Starr  Co.,  2.2  mi.  N,  3.5  mi.  W  of  Salineno 
(ASNHC  8690,  8691). 

Tadarida  brasiliensis .—  The  Brazilian  free-tailed  bat  is  a  colonial, 
migratory  species  having  a  statewide  distribution  during  the  summer. 
This  species  is  known  to  reach  its  greatest  concentration  in  the  Edwards 
Plateau  region  of  Texas  (Schmidly  1991).  Two  individuals  were  col¬ 
lected  on  3  April  1969  from  McCulloch  County.  Two  specimens  from 
Runnels  County  on  the  Rolling  Plains  are  also  records. 

Material  examined.—  McCulloch  Co.,  5  mi.  W  of  Brady  (ASNHC 
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651,  1235).  Runnels  Co.,  Crews  (ASNHC  10625);  Winters  (ASNHC 
8692). 

Dasypus  novemcinctus .  —The  nine-banded  armadillo  has  a  widespread 
distribution  throughout  Texas  with  the  exception  of  the  Trans-Pecos 
region  where  water  availability  appears  to  be  a  limiting  factor  (Davis  & 
Schmidly  1994).  New  records  are  reported  for  the  Edwards  Plateau 
from  Coleman,  Concho  and  Upton  counties.  Specimens  collected  from 
Concho  County  were  taken  from  areas  in  both  the  Edwards  Plateau  and 
Rolling  Plains  regions.  In  eastern  Texas,  new  records  are  reported  for 
Grayson  County  in  the  Blackland  Prairies  region,  Robertson  County  in 
the  Post  Oak  Savannah  region,  and  Trinity  County  in  the  Piney woods. 

Material  examined.—  Coleman  Co.,  2.0  mi.  S  of  Novice  (ASNHC 
10965).  Concho  Co.,  10  %  mi.  W  of  Paint  Rock  (ASNHC  10968);  4.2 
mi.  N,  8.5  mi.  E  of  Eden  (ASNHC  8684).  Grayson  Co.,  2.2  mi.  N, 
2.0  mi.  W  of  Sherman  (ASNHC  5651).  Robertson  Co.,  1.0  mi.  S,  2 3A 
mi.  W  of  Wheelock  (ASNHC  10966).  Trinity  Co.,  4.3  mi.  S,  6.0  mi. 
E  of  Apple  Springs,  Alabama  Creek  Wildlife  Management  Area 
(ASNHC  10622,  10623).  Upton  Co.,  3  mi.  S,  4  mi.  W  of  Rankin, 
Hwy  67  (ASNHC  9694). 

Sylvilagus  aquaticus.—  The  swamp  rabbit  is  distributed  over  the 
eastern  third  of  the  state  (Davis  &  Schmidly  1994).  They  are  considered 
more  common  than  any  other  rabbit  (Schmidly  1983)  in  the  Piney  woods. 
A  new  record  is  reported  for  this  region  from  the  Alabama  Creek 
Wildlife  Management  Area  in  Trinity  County. 

Material  examined—  Trinity  Co.,  4.3  mi.  S,  6.0  mi.  E  of  Apple 
Springs,  Alabama  Creek  Wildlife  Management  Area,  31  °10.2’N, 
94°52.8’W  (ASNHC  10649). 

Sylvilagus  floridanus .  —The  eastern  cottontail  is  known  throughout  the 
state  (Davis  &  Schmidly  1994).  New  records  are  reported  from  the 
Rolling  Plains  region  for  Concho  and  Fisher  counties.  A  new  record  is 
reported  for  Trinity  County  in  the  pine-oak  forest  portion  of  the 
Piney  woods,  and  for  Goliad  County  in  the  South  Texas  Plains  region. 

Material  examined.— C oncho  Co.,  4.5  mi.  S,  11.0  mi.  W  of  Paint 
Rock  (ASNHC  10646).  Fisher  Co.,  1.5  mi.  W  of  Hobbs  (ASNHC 
5634);  1.0  mi.  W  of  Hobbs  (ASNHC  5635,  5636).  Goliad  Co.,  1.0  mi. 
E  of  Berclair  (ASNHC  656).  Trinity  Co.,  3.0  mi.  S,  1.5  mi.  E  of 
Apple  Springs,  Alabama  Creek  Wildlife  Management  Area  (ASNHC 
10648). 
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Lepus  calif  omicus.—  This  species  ranges  throughout  most  of  the  state, 
excluding  the  Big  Thicket  region  of  southeastern  Texas  (Davis  & 
Schmidly  1994).  Four  individuals  collected  from  Scurry  County 
represent  new  records  for  the  High  Plains. 

Material  examined.—  Scurry  Co.,  15  mi.  E  of  Snyder  (ASNHC  5381, 
5632,  5633,  7904). 

.4 rnmosp ermophilus  interpres. — The  antelope  ground  squirrel  is  known 
in  Texas  only  from  areas  of  the  Trans- Pecos  southwest  of  Crane, 
Reagan,  Crockett  and  Val  Verde  counties  (Davis  &  Schmidly  1994).  A 
specimen  collected  in  1971  has  a  locality  written  as  Gaines  Co.,  22.0 
mi.  SW  of  Lamesa,  which  is  actually  in  Andrews  County.  Upon  mak¬ 
ing  contact  with  a  participant  in  that  field  study,  it  was  discovered  that 
the  locality  written  was  an  approximation  and  the  specimen  was  in  fact 
collected  from  Gaines  County  but  from  10.5  mi.  S,  14.7  mi.  W  of 
Lamesa,  near  the  county  line  between  Gaines  and  Dawson  counties  (B. 
Archer  pers.  comm.).  Choate  (1997)  reported  A.  interpres  as  a  species 
of  possible  or  questionable  occurrence,  having  a  distributional  limit  near 
the  Llano  Estacado  in  Crane  and  Reagan  counties.  This  area  represents 
a  northern  range  extension  for  this  species  into  the  Llano  Estacado 
region  of  the  state. 

Material  examined.  —Gaines  Co.,  22  mi.  SW  of  Lamesa  =  10.5  mi. 
S,  14.7  mi.  W  of  Lamesa  (ASNHC  678). 

Sciurus  carolinensis The  distribution  of  this  species  ranges  over  the 
eastern  one- third  of  the  state;  however,  it  has  been  introduced  into  other 
parts  of  the  state  (Davis  &  Schmidly  1994).  A  male  was  collected  from 
Sabine  County  representing  a  new  record  from  the  Pineywood  region  of 
east  Texas. 

Material  examined.  —Sabine  Co.,  14  mi.  SE  of  Hemphill,  FM  2928 
(ASNHC  699). 

Geomys  texensis— The  distribution  of  the  Llano  pocket  gopher  is 
patchy,  known  only  to  occur  in  two  isolated  areas  of  the  Edwards 
Plateau  (Davis  &  Schmidly  1994).  A  population  was  discovered  in 
Coleman  County  near  the  Freese  Dam,  Lake  O.  H.  I  vie,  just  north  of 
the  Concho  county  line.  This  population  is  isolated  and  occurs  in  deep 
sandy  soils.  Karyotyped  individuals  from  this  population  had  a  2N  = 
70  and  an  FN  =  68  (Revelez  1999).  A  total  of  six  individuals  have 
been  collected  representing  the  first  record  of  this  species  north  of  the 
Colorado  River,  thereby  extending  the  range  for  this  species  on  the 
Edwards  Plateau. 
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Material  examined.  —Coleman  Co.,  20.0  mi.  S,  14.0  mi.  E  of 
Coleman  (ASNHC  10629-10631,  10635-10637). 

Perognathus  merriami.— -Merriam’s  pocket  mouse  is  known  from  the 
western  two-thirds  of  the  state  (Davis  &  Schmidly  1994).  New  records 
from  Coleman  County  are  reported  at  an  area  at  the  juncture  of  the 
Edwards  Plateau  and  Rolling  Plains  regions  of  Texas. 

Material  examined.  —Coleman  Co.,  1  mi.  N,  1  mi.  W  of  Valera 
(ASNHC  10133,  10638,  10639). 

Castor  canadensis .  —The  beaver  can  be  found  over  most  of  the  state 
in  suitable  habitats.  This  species  is  found  throughout  much  of  the 
Edwards  Plateau  region  (Goetze  1998)  and  a  new  record  is  reported  for 
Menard  County. 

Material  examined.—  Menard  Co.,  0.7  mi.  N  of  Ft.  McKavett 
(ASNHC  8786). 

Reithrodontomys  julvescens.— The  fulvous  harvest  mouse  is  found  in 
the  eastern  two-thirds  of  the  state  and  is  reported  as  absent  in  the 
western  Panhandle  and  central  Edwards  Plateau  (Davis  &  Schmidly 
1994).  Goetze  (1998)  reported  this  species  as  occurring  throughout  the 
southern  and  eastern  portions  of  the  Edwards  Plateau  with  only  a  single 
record  from  the  northeastern  portion  in  Callahan  County.  Specimens 
from  Nolan  and  Real  counties  represent  new  records  for  this  area  of  the 
Edwards  Plateau.  Specimens  taken  from  Coleman  County  were  col¬ 
lected  in  an  area  where  the  Edwards  Plateau  and  Rolling  Plains  regions 
meet. 

Material  examined.  —Coleman  Co.,  4.0  mi.  N,  1.0  mi.  W  of  Valera 
(ASNHC  10478);  4  mi.  N  of  Valera  (ASNHC  10136);  1  mi.  N,  1  mi. 
W  of  Valera  (ASNHC  10477).  Nolan  Co.,  NW  of  Blackwell  (ASNHC 
10642).  Real  Co.,  Camp  Wood  (ASNHC  10643). 

Reithrodontomys  montanus—  The  range  of  the  plains  harvest  mouse 
includes  the  western  and  central  parts  of  the  state  (Davis  and  Schmidly 
1994).  Records  verifying  its  distribution  on  the  Edwards  Plateau  are 
scarce  (Goetze  1998).  New  records  are  reported  for  Coleman  and 
Sutton  counties.  The  harvest  mice  collected  from  Coleman  County  were 
from  an  area  at  the  junction  of  the  Edwards  Plateau  and  Rolling  Plains 
regions. 

Material  examined.  —Coleman  Co.,  1  mi.  N,  1  mi.  W  of  Valera 
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(ASNHC  11160,  11161).  Sutton  Co.,  11.0  mi.  N  of  Sonora  (ASNHC 
11162). 

Peromyscus  attwateri.—  The  range  of  the  Texas  mouse  includes  most 
of  the  central  portion  of  Texas  and  extends  northward  into  the  Panhandle 
and  southward  just  beyond  the  Edwards  Plateau  (Davis  &  Schmidly 
1994).  Eight  individuals  were  collected  in  Coleman  County  representing 
new  records  in  an  area  where  the  Edwards  Plateau  and  Rolling  Plains 
regions  meet. 

Material  examined—  Coleman  Co.,  4.0  mi.  N,  3.0  mi.  W  of  Valera 
(ASNHC  10368-10370,  10372,  10472,  10473,  10970);  1  mi.  N,  1  mi. 
W  of  Valera  (ASNHC  10371). 

Peromyscus  leucopus.— The  white- footed  mouse  has  a  statewide 
distribution  (Davis  &  Schmidly  1994).  In  east  Texas,  this  mammal  is 
considered  extremely  rare  in  the  upland  pine-oak  forests  of  the 
north-central  part  of  this  region  (Schmidly  1983).  A  male  collected 
from  Montgomery  County  on  21  March  1991  represents  a  new  record 
for  eastern  Texas. 

Material  examined.—  Montgomery  Co.,  8.6  mi.  N,  1.1  mi.  E  of 
Montgomery  (ASNHC  7827). 

Peromyscus  maniculatus .—The  deer  mouse  is  widespread  but  con¬ 
sidered  less  common  in  the  eastern,  coastal  and  southern  parts  of  the 
state  (Davis  &  Schmidly  1994).  Five  additional  records  from  Irion, 
Kinney  and  Real  counties  are  also  reported  for  the  Edwards  Plateau. 
The  specimens  collected  from  Coleman  County  were  collected  in  an  area 
where  the  Edwards  Plateau  and  Rolling  Plains  meet.  A  new  record  is 
reported  for  Martin  County  on  the  Llano  Estacado. 

Material  examined—  Coleman  Co.,  4.0  mi.  N,  3.0  mi.  W  of  Valera 
(ASNHC  10373,  10476);  1  mi.  N,  1  mi.  W  of  Valera  (ASNHC  10374- 
10379,  10474).  Irion  Co.,  3.9  mi.  N,  1.5  mi.  E  of  Mertzon  (ASNHC 
9424).  Kinney  Co.,  18  mi.  E  of  Del  Rio,  Hwy  90  (ASNHC  5582- 
5587).  Martin  Co.,  2.4  mi.  N,  12.2  mi.  E  of  Grady  (ASNHC  8084- 
8086);  4.2  mi.  S,  1.6  mi.  E  of  Grady  (ASNHC  8090-8093);  2.8  mi.  N, 
5.2  mi.  W  of  Stanton  (ASNHC  8094,  8095).  Real  Co.,  Camp  Wood 
(ASNHC  1064). 

Peromyscus pectoralis .—The  white-ankled  mouse  occurs  in  the  Trans- 
Pecos  northeastward  through  the  central  portion  of  the  state  (Davis  & 
Schmidly  1994).  On  the  Edwards  Plateau,  this  species  is  considered 
common  with  the  exception  of  the  extreme  northwest  (Goetze  1998). 
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An  individual  collected  from  Coleman  County  represents  a  new  record 
from  an  area  that  lies  where  Edwards  Plateau  and  Rolling  Plains  regions 
meet. 

Material  examined.— Coleman  Co.,  4.5  mi.  N,  3.0  mi.  W  of  Valera 
(ASNHC  10475). 

Baiomys  taylori.—  The  northern  pygmy  mouse  occurs  over  most  of 
Texas  excluding  the  Trans- Pecos  and  northeastern  portions  of  the  state 
(Davis  &  Schmidly  1994).  A  new  record  is  reported  for  Coleman 
County  at  an  area  close  to  the  junction  of  the  Edwards  Plateau  and 
Rolling  Plains  regions. 

Material  examined.—  Coleman  Co.,  1  mi.  N,  1  mi.  W  of  Valera 
(ASNHC  10137,  10640). 

Sigmodon  hispidus.— The  hispid  cotton  rat  is  widespread  in  Texas,  but 
records  are  spotty  in  the  Panhandle  and  central  regions  of  Texas  (Davis 
&  Schmidly  1994).  A  record  is  reported  for  Coleman  County  in  an  area 
where  the  Edwards  Plateau  and  Rolling  Plains  regions  meet. 

Material  examined.—  Coleman  Co.,  4.0  mi.  N,  3.0  mi.  W  of  Valera 
(ASNHC  11114). 

Erethizon  dorsatum.—  Porcupines  occur  in  the  western  half  of  the  state 
although  records  are  scattered.  On  the  Edwards  Plateau,  this  species  is 
reported  as  ranging  throughout  the  western  half  of  the  region  (Goetze 
1998).  New  records  are  reported  from  Edwards  and  Nolan  counties  on 
the  Edwards  Plateau.  A  sight  record  reported  by  Goetze  (1998)  is 
verified  for  Nolan  County. 

Material  examined. —Edwards  Co.,  no  specific  locality,  Jimmy 
Holman  Ranch  (ASNHC  8827).  Nolan  Co.,  3.0  mi.  N,  6.0  mi.  E  of 
Blackwell,  FM  263  (ASNHC  11159). 

Canis  latrans.—  The  coyote  has  a  statewide  distribution  and  has  been 
well  documented  despite  the  fact  that  museum  records  are  uncommon 
(Goetze  1998).  New  records  are  reported  for  Fisher  and  Mitchell 
counties  in  the  Rolling  Plains  and  for  Callahan  counties  in  the  Cross 
Timbers  and  Prairies  regions.  Two  Runnels  County  records  are  from 
a  ranch  in  the  southeastern  portion  of  the  county,  and  could  be  in  either 
the  Rolling  Plains  or  Edwards  Plateau  regions.  A  sight  record  reported 
by  Goetze  (1998)  is  verified  for  Runnels  County. 

Material  examined.— Callahan  Co.,  12  mi.  N  of  Cross  Plains 
(ASNHC  387-389).  Fisher  Co.,  2  mi.  S  of  Hobbs  (ASNHC  5367);  10 
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mi.  W  Roby  (ASNHC  8702).  Mitchell  Co.,  no  specific  locality,  Wayne 
McCabe  Ranch  (ASNHC  386);  no  specific  locality  (ASNHC  435,  437, 
465).  Runnels  Co.,  Spreen  Ranch,  SE  portion  of  county  (ASNHC 
634-635). 

Vulpes  macrotis.—  This  study  follows  Manning  &  Jones  (1998)  in 
recognizing  the  species  distinction  between  V.  velox  (swift  fox)  and  V. 
macrotis  (kit  fox).  Based  on  known  records,  the  distribution  of  this 
species  in  Texas  ranges  westward  into  the  Trans- Pecos  region  from 
Howard,  Sterling,  Irion  and  Crockett  counties.  Three  skulls  were  found 
on  the  Clay  Miller  Ranch  in  Jeff  Davis  County  in  1994. 

Material  examined  —  Jeff  Davis  Co.,  9  mi.  W  of  Valentine,  Clay 
Miller  Ranch  (ASNHC  8728-8730). 

Vulpes  vulpes.—  The  red  fox  is  found  throughout  the  eastern  and 
central  parts  of  Texas  excluding  western  portions  of  the  Trans-Pecos  and 
Panhandle  regions.  It  is  absent  from  the  southern  portions  of  Texas 
south  of  the  Edwards  Plateau  (Davis  &  Schmidly  1994).  Two  new 
records  are  reported  for  the  Edwards  Plateau  from  Sutton  and  Edwards 
counties.  Although  no  specific  locality  was  noted  for  the  Edwards 
County  specimen,  this  record  represents  an  extension  of  the  species’ 
southern  range. 

Material  examined.— Edwards  Co.,  no  specific  locality  (ASNHC 
8731).  Sutton  Co.,  no  specific  locality,  Frank  Bond  Ranch  (ASNHC 
8741,  8742). 

Urocyon  cinereoargenteus .—The  gray  fox  is  considered  widespread 
throughout  the  state  (Davis  &  Schmidly  1994).  New  records  for  the 
Rolling  Plains  include  Concho,  Glasscock  and  Mitchell  counties.  New 
records  for  the  Edwards  Plateau  include  Coleman  and  Schleicher 
counties.  The  individual  collected  from  Coleman  County  was  taken 
from  an  area  on  the  edge  of  the  Edwards  Plateau  and  Rolling  Plains 
regions.  New  records  are  also  reported  for  Callahan  and  Lampasas 
counties  from  the  Cross  Timbers  and  Prairies  region. 

Material  examined.  —Callahan  Co.,  12  mi.  N  of  Cross  Plains 
(ASNHC  394).  Coleman  Co. ,  0.5  mi.  S  of  Valera  on  FM  503  (ASNHC 
8720).  Concho  Co.,  Paint  Rock  (ASNHC  10422).  Glasscock  Co.,  4 
mi.  NE  of  Garden  City  (ASNHC  8721).  Lampasas  Co.,  8.0  mi.  S,  7.0 
mi.  W  of  Lometa  (ASNHC  10626).  Mitchell  Co.,  no  specific  locality 
(ASNHC  411,  412,  455-473,  478-484).  Schleicher  Co.,  13  mi.  NE  of 
Eldorado  (ASNHC  8724);  5  mi.  NE  of  Eldorado  (ASNHC  8725). 
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Bassariscus  as  tutus.—  The  ringtail  occurs  throughout  Texas,  but 
records  are  more  common  in  the  east-central  portion  of  the  state  (Davis 
&  Schmidly  1994).  New  records  from  the  Edwards  Plateau  are  reported 
for  Concho  and  Schleicher  counties.  New  records  from  the  Rolling 
Plains  are  also  reported  for  Concho  and  Mitchell  counties,  and  for  Live 
Oak  County  on  the  South  Texas  Plains. 

Material  examined Concho  Co.,  2  mi  E  of  Paint  Rock  (ASNHC 
11115);  11.0  mi.  W,  4.5  mi.  S  of  Paint  Rock  (ASNHC  10426).  Live 
Oak  Co. ,  no  specific  locality  (ASNHC  8761).  Mitchell  Co. ,  no  specific 
locality  (ASNHC  471).  Schleicher  Co.,  10  mi.  N,  4  mi.  E  of  Eldorado 
(ASNHC  9639). 

Procyon  lotor.—  Raccoons  occur  statewide  but  records  are  most 
common  in  east  Texas  (Davis  &  Schmidly  1994).  A  new  record  from 
Runnels  County  is  reported  for  the  Edwards  Plateau.  New  records  are 
also  reported  for  Glasscock  and  Mitchell  counties  on  the  Rolling  Plains. 

Material  examined—  Glasscock  Co.,  11  mi.  N  of  Garden  City 
(ASNHC  8767).  Mitchell  Co.,  no  specific  locality  (ASNHC  467-470). 
Runnels  Co.,  5.2  mi.  S,  6.2  mi.  E  of  Ballinger  (ASNHC  8769,  9730). 

Mustela  frenata. — The  long-tailed  weasel  has  a  statewide  distribution 
excluding  the  northern  portion  of  the  Panhandle  (Davis  &  Schmidly 
1994).  They  are  considered  rare  in  the  Trans-Pecos,  with  specimens 
reported  from  El  Paso,  Culberson,  Brewster  and  Terrell  counties.  A 
male  was  salvaged  as  a  road- killed  specimen  by  Sam  Crowe  on  7 
December  1992  and  represents  a  new  record  for  Pecos  County. 

Material  examined.  —Pecos  Co.,  5  mi.  N  of  Fort  Stockton  (ASNHC 
8757). 

Taxidea  taxus. — The  range  of  the  badger  includes  the  majority  of  the 
state,  excluding  the  easternmost  portion.  A  new  record  is  reported  for 
Dawson  County  on  the  Llano  Estacado,  and  Mitchell  County  on  the 
Rolling  Plains.  A  new  record  is  also  reported  from  Coleman  County  in 
an  area  that  lies  on  the  edge  of  the  Edwards  Plateau  and  Rolling  Plains 
regions. 

Material  examined  — Coleman  Co.,  2.0  mi.  E  of  Valera  (ASNHC 
10627).  Dawson  Co.,  no  specific  locality  (ASNHC  9650).  Mitchell 
Co.,  10  mi.  S  of  Colorado  City  (ASNHC  99). 

Spilogale  gracilis.—  The  distribution  of  the  western  spotted  skunk 
includes  the  southwestern  portion  of  the  state  as  far  north  as  Garza  and 
Howard  counties  eastward  to  Bexar  and  Duval  counties  (Davis  & 
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Schmidly  1994).  This  distribution  includes  most  of  the  Edwards 
Plateau;  however,  Goetze  (1998)  stated  that  specimens  there  are  scarce. 
A  female  spotted  skunk  was  collected  on  11  July  1998  from  Coke 
County,  and  another  female  was  collected  from  Concho  County  on  14 
October  1999.  These  specimens  represent  new  records  from  the  Rolling 
Plains  along  the  eastern  edge  of  this  species’  distribution. 

Material  examined.—  Coke  Co.,  3A  mi.  N  of  Tennyson  (ASNHC 
10967).  Concho  Co.,  10*4  mi.  W  of  Paint  Rock  (ASNHC  10968). 

Mephitis  mephitis  .—The  range  of  the  striped  skunk  is  widespread  in 
Texas  (Davis  &  Schmidly  1994).  A  new  record  is  reported  for  Callahan 
County  in  the  Cross  Timbers  and  Prairies  region. 

Material  examined.—  Callahan  Co.,  12  mi.  N  of  Cross  Plains 
(ASNHC  395). 

Conepatus  mesoleucus .—The  distribution  of  the  hog-nosed  skunk 
includes  most  of  the  southwestern  and  central  portions  of  Texas  (Davis 
&  Schmidly  1994).  Goetze  (1998)  stated  that  on  the  Edwards  Plateau, 
this  species  occurs  at  least  as  far  north  as  Reagan  and  Nolan  counties  but 
may  range  throughout  the  entire  region.  New  records  are  reported  for 
Schleicher  and  Upton  counties. 

Material  examined.— Schleicher  Co.,  0.5  mi.  N,  15.8  mi.  E  of 
Eldorado  (ASNHC  8753,  9635);  24.0  mi.  E  of  Eldorado  (ASNHC 
10972).  Upton  Co.,  4.6  mi.  E  of  Rankin,  Hwy  67  (ASNHC  9707). 
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GENERAL  NOTES 

NEW  RECORDS  OF  AGOUTI  PACA  (LINNAEUS) 
FROM  THE  MEXICAN  STATE  OF  PUEBLA 
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Adalinda  Sanchez-Quiroz  and  Alondra  Castro-Campillo 
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* Universidad  Nacional  Autonoma  de  Mexico 
Facultad  de  Estudios  Superiores  Unidad  Zaragoza 
Departamento  de  Biologia 
Mexico  09230,  D.  F. 


The  agouti  {Agouti  paca)  is  a  widespread  Latin  American  species, 
ranging  from  southwestern  Brazil  (Perez  1992;  Woods  1992)  to  Tamau- 
lipas,  Mexico  (Moreno- Valdez  et  al.  1997)  at  its  northernmost  limit. 
Selected  records  of  this  largest  of  Mexican  rodents  from  states  where  it 
has  been  previously  recorded  are  Campeche  (Hall  1981;  Aranda  1993), 
Chiapas  (Medellin  1994;  Navarrete-Gutierrez  et  al.  1996;  Espinoza 
Medinilla  et  al.  1998),  Oaxaca  (Goodwin  1969),  Quintana  Roo  (Jones 
&  Lawlor  1965;  Pozo  de  la  Tijera  et  al.  1991),  San  Luis  Potosi  (Dal- 
quest  1953),  Tabasco  (Leon  P.  &  Romo  V.  1991),  Veracruz  (Hall  & 
Dal  quest  1963;  Hall  1981;  Martmez-Gallardo  &  Sanchez-Cordero  1997) 
and  Yucatan  (Birney  et  al.  1974;  Jones  et  al.  1974).  Preferred  habitat 
is  tropical  woodland  (Leopold  1965),  ranging  from  sea-level  to  1,600  m 
(Mondolfi  1972).  In  Panama,  it  occurs  as  high  as  2,000  m  (Mendez 
1993). 

Five  specimens  of  Agouti  paca  housed  in  the  Collection  of  Mammals 
at  the  Universidad  Autonoma  Metropolitana  Iztapalapa  (Table  1;  UAMI 
catalog  numbers  15094,  15095,  15096,  15097  and  15098)  include  four 
adults  and  a  fetus.  Three  of  the  adults  (one  male,  two  of  unknown  sex, 
and  a  female)  were  taken  from  Zapotitlan  de  Mendez  (19°  59’  35"  N 
and  97°  42’  29"  W  at  900  m),  and  the  remaining  adult  (sex  unknown) 
originated  from  Olintla,  Puebla  [(UAMI  15098)  (20°  06’  10"  N  and  97° 
41’  01"  W  at  790  m)].  These  are  the  first  records  of  the  agouti  from 
the  Mexican  state  of  Puebla,  and  are  assigned  to  Agouti  paca  nelsoni  on 
the  basis  of  geographic  proximity. 
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Table  1 .  Cranial  measurements  (mm)  of  five  specimens  of  Agouti  paca  nelsoni  (and  UAMI 
catalog  numbers)  from  Zapotitlan  de  Mendez  and  Olintla,  Puebla. 


Cranial  measurements 

Adult  6 
(15095) 

Young  9 
(15094) 

Adult  (sex?) 
(15096) 

Adult  (sex?) 
(15097) 

Adult  (sex?) 
(15098) 

Greatest  length  of  skull 

147.3 

71.8 

_ 

_ 

150.6 

Condylobasal  length 

134.7 

62.6 

— 

— 

143.2 

Length  of  nasals 

56.8 

19.8 

— 

60.7 

54.0 

Postnasal  length 

101.1 

54.5 

97.8 

— 

98.0 

Cranial  breadth 

52.8 

33.2 

— 

53.8 

Depth  of  braincase 

37.6 

27.5 

•  — 

36.0 

36.6 

Rostrum  height 

36.5 

22.3 

— 

34.2 

35.4 

Breadth  of  rostrum 

26.7 

14.4 

— 

25.2 

27.9 

Interorbital  constriction 

43.2 

23.2 

— 

42.7 

40.9 

Mastoid  breadth 

55.2 

27.8 

— 

— 

52.2 

Breadth  of  mesopterygoid 
fossa 

20.2 

12.7 

20.2 

21.2 

19.5 

Zygomatic  breadth 

112.3 

41.3 

110.0 

110.2 

107.9 

Greatest  breadth  of 
zygomatic  plate 

61.0 

13.1 

58.2 

57.3 

58.0 

Height  of  jugal 

60.6 

12.9 

61.5 

61.1 

61.3 

Length  of  bullae 

26.2 

15.3 

— 

26.8 

25.1 

Breadth  across  M^-M3 

24.8 

— 

25.1 

24.2 

25.6 

Length  of  maxillary 
toothrow 

31.2 

15.8 

29.3 

30.0 

29.2 

Length  of  diastema 

47.8 

19.9 

— 

52.7 

52.3 

Both  Pueblan  localities  are  within  the  physiographic  province  of  the 
Sierra  Madre  Oriental,  which  is  classed  as  semitorrid,  with  a  mean 
annual  rainfall  of  1,500-4,000  mm,  but  with  less  than  18  mm  of  winter 
precipitation.  Vegetation  in  each  of  these  areas  is  tropical  rain  forest 
(Rzedowski  1988),  dominated  by  the  genera  Cedrela,  Swietenia,  Inga , 
Croton  and  Bursera ,  although  the  local  primary  growth  is  widely  sup¬ 
planted  by  coffee  plantations  and  fruit  tree  (chirimoya,  mamey,  naranja, 
papaya,  platano)  orchards. 

The  fetus  (UAMI  15094)  was  removed  from  the  body  of  a  female 
found  shot  along  the  road  on  6  August  1999.  The  skull  of  the  adult 
female  was  shattered  and  could  not  be  salvaged  as  a  specimen,  although 
the  following  external  measurements  (mm)  were  recorded:  total  length, 
700;  length  of  tail,  15;  length  of  hind  foot,  173,  height  of  ear  pinna,  41. 
Weight  was  9700  g.  Upon  learning  of  the  interest  in  the  agouti,  local 
residents  readily  provided  the  remaining  specimens.  External  measure¬ 
ments  (mm)  of  the  fetus  were:  total  length,  295;  length  of  tail,  12; 
length  of  hind  foot,  72;  height  of  ear  pinna,  28.  Weight  was  590  g. 
Considering  the  size  of  the  fetus,  it  is  presumed  that  the  pregnancy  was 
in  its  final  stage.  Incisors  were  already  erupted,  and  the  deciduous 
premolars  were  appearing  through  the  gums. 
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The  agouti  still  appears  to  be  common  in  the  region,  in  spite  of  being 
actively  hunted  for  its  flesh,  which  is  highly  prized  by  local  residents. 
Perhaps  a  more  serious  threat  to  populations  of  the  species  is  loss  of 
habitat.  Woodlands  in  the  vicinity  of  Olintla  are  being  cleared  for 
varied  agricultural  and  ranching  activities,  while  land  around  Zapotitlan 
de  Mendez  is  increasingly  being  used  for  coffee  plantations. 

This  record  increases  the  number  of  known  species  to  142  in  23 
families  for  the  Mexican  State  of  Puebla  (Ramirez- Pulido  et  al.  1986; 
2000;  Ramirez-Pulido  &  Castro-Campillo  1990;  1994). 

Resumen.— A  la  lista  de  mamiferos  silvestres  del  Estado  de  Puebla, 
se  agrega  el  de  aguti,  Agouti  paca  nelsoni ,  con  base  en  los  registros  de 
cuatro  ejemplares,  procedentes  de  dos  localidades  en  la  selva  tropical 
lluviosa  de  la  Sierra  Madre  Oriental.  El  aguti  es  abundante  en  esa 
region,  pero  es  cazado  con  frecuencia  por  su  carne  y  su  habitat  natural 
esta  siendo  rapidamente  sustituido  por  cultivos  y  potreros. 
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Before  1999  the  reported  geographic  range  of  Lasiurus  xanthinus ,  the 
western  yellow  bat,  extended  from  western  Mexico  to  southern  Cali¬ 
fornia,  through  southern  Arizona  and  the  southwestern  tip  of  New 
Mexico  (Hall  1981;  Schmidly  1991).  However,  recently  specimens  have 
been  taken  from  the  mountains  in  the  Trans-Pecos  region  of  Texas 
(Bradley  et  al.  1999;  Higginbotham  et  al.  1999;  2000;  Jones  et  al.  1999; 
Jones  &  Bradley  1999).  This  report  documents  the  first  record  of  L. 
xanthinus  from  east  of  the  Pecos  River  in  the  ecotone  region  of  the 
South  Texas  Plains  and  the  Edwards  Plateau. 

The  female  specimen  of  Lasiurus  xanthinus  was  found  in  the  city 
limits  of  Del  Rio  in  June  1998.  The  bat  (found  with  a  broken  wing) 
apparently  utilized  the  landscaping  of  a  condominium  complex’s  swim¬ 
ming  pool,  which  was  lined  with  palm  trees.  Measurements  (in  mm) 
were:  total  length,  115;  length  of  tail,  50;  length  of  hind  foot,  10; 
length  of  ear,  16;  length  of  forearm,  47;  maxillary  tooth  row,  5.5. 
These  measurements  are  within  the  range  of  measurements  for  Lasiurus 
intermedius. 

Analysis  of  the  801  base  pairs  (bp)  cytochrome-Z?  gene  region  in  com- 
parion  with  other  L.  xanthinus  species  confirmed  the  identification  of  the 
Texas  L.  xanthinus.  The  specimen  from  Texas  was  genetically  identical 
to  a  specimen  from  New  Mexico  ( n  —  1).  Two  third  position  transition 
bp  differences  were  found  between  specimens  from  Sonora  (n  =  2)  and 
the  Texas  specimen.  Positive  identification  of  these  specimens  is  based 
on  geography  in  that  L.  xanthinus  is  the  only  yellow  bat  from  western 
Mexico  and  New  Mexico  (Hall  1981).  For  comparison  a  L.  ega  was 
sequenced  and  found  to  be  15%  divergent  from  all  L.  xanthinus.  Gen- 
Bank  accession  numbers  were  assigned  to  the  voucher  specimens  and 
they  follow  museum  catalogue  numbers  given  below.  The  specimen 
from  Texas  was  catalogued  in  the  Abilene  Christian  University  Natural 
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History  Collection  (ACUNHC  701,  AF369546).  The  specimens  from 
Sonora  (NK1 1102,  AF369548;  NK1 1103,  AF369549)  and  New  Mexico 
(NK  3579,  AF369547)  were  deposited  in  the  University  of  New  Mexico, 
Museum  of  Southwestern  Biology. 

Lasiurus  xanthinus  is  known  to  prefer  palm  trees  as  roosting  sites 
(Hoffmeister  1986).  Aged  fronds  of  the  trees  droop,  providing  shelter 
of  similar  color  to  the  yellow-brown  bat  and  little  information  is 
available  concerning  migration  and  winter  habits.  Lasiurus  xanthinus 
was  elevated  to  the  species  level  following  the  work  on  chromosomal 
and  genetic  studies,  which  separated  it  from  L.  ega  (cf.  Baker  et  al. 
1988;  Morales  &  Bickham  1995).  Davis  &  Schmidly  (1994)  suggested 
that  L.  ega  may  be  a  permanent  resident  of  southern  Texas,  possibly 
even  expanding  its  range  corresponding  to  the  increased  use  by  land¬ 
scapers  of  ornamental  palms. 

The  other  extralimital  records  of  Lasiurus  xanthinus  document  its 
presence  in  west  Texas.  Four  specimens  were  obtained  between  1996 
and  1998  from  Big  Bend  National  Park  by  Higginbotham  et  al.  (2000), 
who  also  documented  the  species’  use  of  giant  dagger  ( Yucca  camerosa- 
na)  as  roosting  sites.  Bradley  et  al.  (1999)  reported  two  males  from  the 
Black  Gap  Wildlife  Management  Area,  also  in  Brewster  County.  Jones 
et  al.  (1999)  further  documented  L.  xanthinus  in  Davis  Mountains  State 
Park  (Jeff  Davis  County). 

The  sum  of  these  accounts  suggests  that  L.  xanthinus  is  more  than  an 
accidental  visitor  to  southwestern  Texas.  It  has  been  previously  sug¬ 
gested  that  there  exists  a  breeding  population  in  West  Texas  (Jones  et  al. 
1999).  Furthermore,  in  the  downtown  area  of  Del  Rio  there  are  many 
large,  old  palm  trees  that  may  harbor  L.  xanthinus.  This  is  the  fifth 
record  of  L.  xanthinus  in  Texas  in  the  last  three  years,  which  indicates 
a  recent  range  expansion  rather  than  a  species  that  was  missed  by  pre¬ 
vious  sampling  efforts. 

The  recent  addition  of  L.  xanthinus  to  the  bat  fauna  of  Val  Verde 
County,  Texas,  provides  support  for  the  importance  of  this  area  to  the 
conservation  of  bats  in  the  United  States.  Surveys  of  Eagle  Nest 
Canyon  from  spring  1997  to  fall  2000  near  Langtry,  in  western  Val 
Verde  County  (29°  48.8’  N,  101°  33.16’  W)  show  that  bat  diversity  is 
high  for  the  United  States.  Eagle  Nest  is  a  short  (1200  meters  long) 
Upper  Cretaceous  limestone  canyon  that  opens  into  the  Rio  Grande. 
These  surveys  found  that  within  the  canyon  and  adjacent  Rio  Grande  are 
the  Ghost- faced  bat  (Mormoops  me  galop  hylla),  Yuma  Myotis  ( Myotis 
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yumanensis),  cave  Myotis  (M.  velifer),  western  pipistrelle  ( Pipistrellus 
he s perns),  hoary  bat  (Las i urns  cinereus),  Townsend’s  big-eared  bat 
(Corynorhinus  towns endii) ,  pallid  bat  (Antrozous  pallidas),  Mexican 
free-tailed  bat  ( Tadarida  brasiliensis)  and  western  mastiff  bat  (Eumops 
perotis).  Two  color  morphotypes  of  M.  yumanensis  (one  with  light  skin 
and  the  other  with  dark  brown  skin)  were  caught.  The  identifications  of 
both  colors  of  bats  were  checked  with  analysis  of  the  cytochrome-^ 
gene.  Additionally,  there  are  three  species  of  tree-roosting  bats  recently 
found  in  northern  Val  Verde  County  on  the  Devils  River.  These  include 
the  seminole  bat  Lasiurus  seminolus,  hoary  bat,  L.  cinereus ,  and  evening 
bat,  Nycticeius  humeralis  (cf.  Brant  &  Dowler  2000;  Dowler  et  al. 
1999).  Davis  &  Schmidly  (1994)  and  Schmidly  (1991)  report  other  Val 
Verde  County  records  of  bats  to  include  the  only  record  of  a  hairy- 
legged  vampire  (Diphylla  ecaudata)  in  the  United  States,  which  was 
found  west  of  Comstock,  the  eastern  pipistrelle  (Pipistellus  subflavus) 
and  eastern  red  bat  (Lasiurus  borealis). 
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The  West  Indian  manatee  ( Trichechus  manatus  Linnaeus)  occurs  only 
rarely  along  the  Texas  Gulf  coast  (Wursig  et  al.  2000).  Most  of  the 
early  records  of  this  species  for  this  state  are  from  the  Rio  Grande  or 
Laguna  Madre  near  the  southern  tip  of  Texas  (Gunter  1941;  Weniger 
1997).  Only  a  maximum  of  eight  individuals  of  this  species  have  been 
reported  from  along  the  north-central  and  eastern  portions  of  this  state 
(Gunter  1941;  Fernandez  &  Jones  1990;  Tolson  &  Dawson  1995;  Clark 
pers.  com.).  While  several  of  the  manatees  known  from  Texas  are 
probably  represented  by  skeletal  remains  in  various  research  facilities 
only  three  have  been  referred  to  in  published  accounts  as  being 
cataloged  in  museums  (Gunter  1941;  Jefferson  &  Baumgardner  1997). 

This  report  presents  evidence  of  this  species  from  San  Jose  Island 
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Figure  1.  Ribs  of  a  manatee  collected  from  San  Jose  Island,  Aransas  County,  Texas  prior 
to  1929.  Caliper  aperture  =  10  cm.  Photo  by  Tom  DuBrock. 


(formerly  Saint  Joseph  Island),  Aransas  County,  Texas;  which  is  just 
east  of  Rockport,  Aransas  County,  Texas.  This  material,  represented  by 
two  ribs,  is  part  of  the  Westheimer/Attwater  collection,  which  was 
purchased  by  Mr.  S.  J.  Westheimer  from  Professor  H.  P.  Attwater,  and 
was  subsequently  obtained  by  the  Houston  Museum  of  Natural  Science, 
Houston,  Texas  (HMNS). 

These  bones  were  originally  considered  part  of  an  incomplete  skeleton 
of  the  bottlenose  dolphin  ( Tursiops  truncatus;  HMNS  1256-1258)  that, 
according  to  HMNS  records,  was  collected  by  Professor  Attwater  prior 
to  1929.  The  cranium  and  mandible  are  unquestionably  those  of  a 
bottlenose  dolphin;  however,  as  the  two  do  not  quite  match  in  size  they 
are  probably  from  separate  animals.  The  accompanying  ribs  are  con¬ 
siderably  longer  in  overall  length  and  wider  in  diameter  than  would  be 
expected  for  this  species.  Considering  the  weathered  condition  of  the 
dolphin  skull,  the  possible  mixed  nature  of  the  cranium  and  mandible, 
and  the  considerably  larger  size  of  the  ribs,  this  material  was  probably 
salvaged  from  the  island’s  beach  and  it  was  assumed  that  all  of  the 
material  was  from  one  animal. 
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The  ribs  in  question  are  considered  to  be  from  a  manatee  based  on 
their  overall  size  and  shape  (Figure  1).  In  addition  to  these  features, 
this  material  is  much  heavier  than  comparable  bones  of  dolphins. 
Measurements,  in  mm,  for  these  elements  were  obtained  using  a 
standard,  flexible  tape  measure  and  are  for  the  right  and  left  ribs  as 
follows:  length  along  the  outer  (convex)  curve  -  530,  493;  length  be¬ 
tween  extreme  ends  across  the  inner  (concave)  curve  -  317,  302;  and 
greatest  circumference  -  142,  138.  Comparison  of  these  ribs  to  a  mana¬ 
tee  skeleton  housed  in  the  Texas  Cooperative  Wildlife  Collection,  Texas 
A&M  University  (TCWC  49000)  indicates  that  they  conform  most  close¬ 
ly  to  right  and  left  thoracic  ribs  6  to  8.  The  apparent  mixed  nature  of 
the  original  collection  allows  the  possibility  that  these  ribs  are  from 
different  animals  but  considering  the  rarity  of  manatee  in  Texas  waters 
this  seems  unlikely.  This  material  has  been  reassigned  HMNS  catalog 
numbers  VM.132  and  VM.133,  respectively. 

Physical  evidence  supporting  the  occurrence  of  manatee  in  Texas 
waters  is  rare.  These  ribs  represent  only  the  fourth  specimen  from  this 
state  that  is  cataloged  in  a  museum  and  reported  in  the  literature. 
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ENVIRONMENTAL  CORRELATES  TO  THE  ABUNDANCE 
OF  SPRING-ADAPTED  VERSUS  STREAM-ADAPTED  FISHES 

Clark  Hubbs 

Section  of  Integrative  Biology 
The  University  of  Texas  at  Austin 
Austin,  Texas  78712 

Abstract.— Large  springs  in  the  southwestern  United  States  and  northern  Mexico  have 
endemic  spring-adapted  fishes  that  have  congeners,  which  are  found  inhabiting  more 
eurythermal  streams.  In  Texas,  Gambusia  nohilis,  G.  heterochir,  G.  gaigei  and  G.  geiseri 
are  spring-adapted  fishes  and  G.  affinis  is  a  stream-adapted  species.  A  series  of  8  to  16 
minnow  traps  were  set  at  the  headsprings  and  downstream  of  eight  spring  systems  over  a 
two-year  period.  At  each  spring,  G.  affinis  dominated  downstream,  and  the  spring-endemic 
species  dominated  at  the  headsprings.  A  series  of  seven  environmental  parameters  were 
measured  at  each  trap  station  and  correlated  to  the  fishes  captured.  The  results  suggest  that 
spring  flow,  thermal  stability  and  pH  are  the  most  important  determinates  of  fish  species 
abundance.  Even  minor  declines  in  spring  flow  appeared  to  have  drastic  negative  impacts 
on  the  spring  endemic  species  and  extirpations  are  possible  long  before  the  final  cessation 
of  flows  from  springs. 


Springs  often  harbor  a  complement  of  spring-endemic  fishes  adapted 
to  and  dependent  upon  the  thermal  stability,  water  clarity  and  consistent 
flows  of  the  environments  they  inhabit  (Hubbs  1995).  This  phenomenon 
has  been  reported  for  fishes  in  numerous  localities  in  Alabama  (Howell 
&  Black  1976),  Arkansas  (Robison  &  Buchanan  1988),  Nevada  (Sumner 
&  Sargent  1940;  Hubbs  &  Hettler  1964),  New  Mexico,  Texas  (Hubbs 
&  Echelle  1972)  and  Oklahoma  (Matthews  et  al.  1985).  Thermal 
stability  and  spring  conditions  have  also  been  noted  to  affect  crayfish 
and  amphipod  abundances  (Bowles  &  Arsuffi  1993),  aquatic  plant 
abundance  (Emery  1967)  and  salamander  abundance  (Tupa  &  Davis 
1976,  Chippindale  et  al.  1993).  This  paper  describes  research  designed 
to  ascertain  the  key  environmental  factor  or  factors  determining  the 
relative  abundances  of  spring-adapted  and  stream-adapted  fishes  in 
Texas.  For  this  paper,  a  "spring-adapted  fish"  is  defined  as  a  species 
found  wholly  or  most  often  in  springheads  or  in  the  immediate  zone 
downstream  (spring  runs),  and  seldom  found  elsewhere  in  that  particular 
system.  "Stream-adapted"  fishes  are  those  that  are  generally  encoun¬ 
tered  in  a  wider  variety  of  stream  environments  and  tend  to  have  much 
larger  ranges. 
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Materials  and  Methods 

The  standard  procedure  was  to  set  minnow  traps  at  each  location  and 
take  readings  from  a  Hydrolab  Data  Sonde®  instrument  (calibrated 
monthly)  at  several  sites  within  each  location.  The  measurements  taken 
were:  temperature  (°C),  dissolved  oxygen  (mg/L),  turbidity  (NTU),  pH, 
ammonia  (mg/L  NH4),  nitrates  (mg/L  N03)  and  salinity  (ppt).  These 
data  were  supplemented  at  Clear  Creek  by  10  minilog  temperature 
recorders  on  a  clear  day  in  August  2000  at  15-minute  intervals  for  26  + 
hours. 

Both  plastic  and  metal  traps  were  utilized  during  the  course  of  this 
study.  The  metal  traps  (which  sink)  were  made  with  3  or  6  mm  mesh 
and  the  plastic  traps  (which  float)  were  made  with  3  mm  mesh.  Traps 
were  baited  with  Gravy  Train®  dried  dog  food,  which  is  best  for 
catching  Gambusia  (R.  J.  Edwards  pers.  comm.).  Typically,  eight 
plastic  and  eight  metal  traps  were  set  for  at  least  one  hour  at  each 
collection  site,  but  the  numbers  varied  between  two  and  16.  Plastic 
(surface)  and  metal  (bottom)  traps  were  typically  set  by  the  same  shore 
location.  Lateral  data  were  thus  obtained  on  depth  distribution  of  the 
fish  (Hubbs  &  Karges  1999). 

Commonly,  trap  captures  were  made  and  traps  reset  several  times 
during  a  visit.  Consequently,  percent  captures  that  are  presented  in  the 
final  analysis  as  total  captures  might  vary  in  any  of  several  possible 
ways:  (1)  Number  of  traps.  At  times  (especially  at  Phantom  Cave 
Springs),  raccoons  "beached"  traps  in  an  effort  to  catch  and  eat  the  fish. 
(2)  Precise  locations.  Many  different  field  assistants  typically  set  the 
traps  and  the  locations  could  have  varied  somewhat.  (3)  Bait  availa¬ 
bility.  On  one  occasion,  a  field  assistant  forgot  to  bait  a  trap  series.  (4) 
Time  of  day.  Hubbs  (1971)  reported  more  than  an  order  of  magnitude 
of  differences  in  the  number  of  fishes  caught  from  traps  set  for  the  same 
length  of  time  and  the  same  place  during  different  clock  hours.  (5) 
Number  of  hours  the  traps  were  set.  Hubbs  (1971)  reported  that  more 
fish  were  captured  when  traps  were  set  for  longer  intervals. 

Data  were  collected  at  six  Texas  spring  systems,  and  supplemental 
data  were  obtained  on  two  additional  springs  (Fig.  1).  Traps  were  set 
and  environmental  samples  were  made  each  month  in  1998  and  1999. 
Occasional  samples  were  made  during  subsequent  months  as  well.  The 
primary  locations,  described  in  detail  below,  were  San  Marcos  Springs, 
Comal  Springs,  Clear  Creek  Springs,  Anson  Springs,  Diamond- Y 
Springs  and  the  Phantom  Cave  and  East  Sandia  springs  in  the  Balmorhea 
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Figure  1.  Map  of  Texas  spring  sample  localities. 


system.  Supplemental  data  were  obtained  from  springs  near  the  Rio 
Grande  Village  area  of  Big  Bend  National  Park  and  the  Devils  River/ 
Dolan  Creek  area. 

The  volume  of  spring  flow  varied  greatly  during  the  two-year  study 
period  due  to  drought  or  heavy  rains.  Those  spring  flow  variations 
influenced  the  relative  distributions  of  the  fishes.  Incidental  observations 
showed  that  the  abundance  of  other  spring  endemics,  such  as  crayfish, 
amphipods  and  Texas  wildrice,  often  corresponded  to  that  of  spring  fish 
abundance. 

Localities  Sampled 

San  Marcos  Springs . — The  San  Marcos  Springs  arise  from  the 
Edwards  aquifer  (Sharp  1990)  in  the  City  of  San  Marcos,  Hays  County, 
in  central  Texas.  Gambusia  geiseri  is  the  spring  endemic  chosen  for 
analysis.  Groeger  et  al.  (1997)  showed  that  environmental  conditions 
were  consistent  upstream  and  varied  with  distance  downstream.  Groeger 
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et  al.  (1997)  took  their  samples  from  the  surface  in  current  near  the 
shore,  as  was  done  with  surface  readings  during  this  current  study. 
Their  samples  covered  more  distance  but  they  did  not  correlate  environ¬ 
ment  conditions  with  animal  abundance.  Data  on  thermal  variation  at 
springs  during  this  study  were  lower  (i.e.,  less  than  1°C  versus  more 
than  1  °C)  than  those  of  Groeger  et  al.  (1997),  and  downstream  tempera¬ 
ture  variation  was  higher  (i.e.,  more  than  30°C  vs.  less  than  25°C),  but 
the  results  are  quite  similar  to  those  reported  in  this  study  from  the  same 
or  nearby  sites. 

Station  SM-1  was  on  the  shore  of  Spring  Lake,  adjacent  to  the  Texas 
Parks  and  Wildlife  Rivers  Center  Headquarters.  The  tests  were  done 
from  each  side  of  a  wooden  platform  that  extends  into  Spring  Lake. 
The  outside  data  were  those  closest  to  spring  outflows  and  presumed  to 
approximate  spring  outlet  conditions.  SM-2  was  adjacent  to  a  shore 
indentation  where  a  weed  cutter  is  docked  (50  m  from  Station  1).  The 
"deep"  station  is  immediately  offshore.  SM-3  was  under  the  Interstate 
Highway  35  bridge  on  the  San  Marcos  River  in  a  shore  indentation.  It 
was  chosen  because  it  is  the  type  locality  (Hubbs  &  Peden  1969)  of  the 
extinct  Gambusia  georgei.  The  "Current"  site  at  this  station  was 
immediately  upstream  where  the  river  has  heavy  flow.  SM-4  was  at  a 
low-water  crossing,  2  km  below  the  confluence  of  the  Blanco  River, 
near  the  original  site  of  the  city  of  San  Marcos.  Data  from  both  sides 
of  the  low-water  bridge  were  combined.  Cummings  Dam  is  located 
slightly  upstream  from  SM-4  and  floods  the  conjunction  of  the  Blanco 
River  and  the  San  Marcos  River.  Station  BR-1  was  under  the  Interstate 
Highway  35  bridge  on  the  Blanco  River.  It  was  chosen  for  easy  access 
and  to  be  relatively  remote  from  the  headsprings,  but  it  still  has  a  water 
connection  to  the  San  Marcos  River.  Data  were  compiled  from  the  river 
proper  (BR-1)  and  from  a  series  of  semi-isolated  pools  on  the  north  bank 
(BR-1  Side  Pool).  Those  pools  dried  in  late  1999,  so  later  data  were 
obtained  from  two  isolated  pools  on  the  main  channel  (the  river  had 
ceased  surface  flow).  Twenty-six  monthly  visits  were  made.  The 
standard  protocol  was  to  sample  SM-1  and  SM-2  at  0800  and  1300 
hours,  SM-3  at  0900  and  1200  hours,  SM-4  at  1000  and  1100  hours, 
and  BR-1  at  1400  and  1500  hours.  A  major  flood  went  through  the  area 
in  October  1998  that  changed  the  water  flow  and  stream  channel 
configurations.  Water  levels  rose  more  than  10  meters  at  both  SM-4 
and  BR-1  and  Interstate  Highway  35  was  closed  at  the  Blanco  River 
bridge  station. 

Comal  Spring. — Comal  Springs  arise  from  the  Edwards  aquifer  (Sharp 
1990)  in  Landa  City  Park  in  New  Braunfels,  Comal  County,  in  central 
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Texas.  Gambusia  geiseri  was  the  spring  endemic  used  for  analysis. 
Station  CR-1  was  in  the  springrun  just  downstream  from  a  major  spring 
in  the  gazebo  area.  Spring  flow  data  were  also  obtained  from  that 
spring  (CR-2)  and  an  adjacent  major  spring  (CR-3).  Station  CR-4  was 
on  the  New  Channel  just  upstream  from  the  conjunction  of  the  New  and 
Old  channels.  Typically,  plastic  traps  were  set  in  a  small  side  pool  and 
the  metal  traps  in  the  main  current.  CR-5  was  on  the  New  Channel  just 
downstream  from  the  confluence  of  the  two  channels.  CR-6  was  on  the 
Old  Channel  just  upstream  from  this  conjunction.  Because  the  Old 
Channel  stream  flow  rate  is  vastly  slower  than  that  of  the  New  Channel, 
the  Old  Channel  site  is  farther  (in  time)  from  the  spring  source  than  are 
the  New  Channel  sites.  The  standard  protocol  for  the  25  monthly 
samples  was  to  sample  Station  CR-1  at  0800  and  1200  hours  and  CR-2, 
CR-3  and  CR-4  at  1000  and  1100  hours.  Spring  flow  was  very  low  in 
July  1998,  just  before  the  October  1998  flood,  which  also  impacted 
Comal  Springs  and  River.  Numerous  human  fatalities  occurred  as  well 
as  a  few  changes  in  stream  configuration. 

Clear  Creek.— A  series  of  springs  form  the  headwaters  of  Clear 
Creek,  16  km  west  of  Menard,  Menard  County.  These  waters  arise 
from  the  Edwards-Trinity  (Plateau)  aquifer  (Sharp  1990).  Gambusia 
heterochir  is  the  spring  endemic  that  was  used  in  the  analysis.  Station 
CC-1  is  at  the  west  end  of  an  earth-concrete  dam  at  the  type  locality 
(Hubbs  1957)  of  G.  heterochir.  Several  small  springs  are  located  along 
the  west  side  of  the  spring  pool  and  spring  conditions  prevail  there.  The 
major  springs  are  along  the  north  side  of  the  spring  pool.  Readings 
from  those  major  springs  (Springs)  are  interpreted  to  reflect  spring 
outflow  conditions.  Environmental  readings  were  also  taken  at  the 
surface  and  bottom  both  above  and  below  the  spillway  in  the  dam 
middle  (CC-2  and  CC-3,  respectively).  Station  CC-4  was  at  the  east  end 
of  the  earth-concrete  dam  in  shallow  water  with  minor  flow.  Environ¬ 
mental  readings  were  also  taken  in  a  spring  (CC-4  in  Springs)  just 
downstream  from  the  dam.  It  is  presumed  that  some  subsurface  flow 
from  the  spring  pool  contributes  to  that  spring  flow,  thus  the  environ¬ 
mental  data  are  a  combination  of  spring  pool  and  deep  aquifer  water. 
CC-5  was  located  midway  between  the  major  springs  and  a  secondary 
series  springs  on  the  north  bank  about  200  meters  east  of  the  main 
spring  pool.  Readings  were  also  taken  just  west  of  these  secondary 
springs  at  the  surface  (CC-6),  in  deep  water  (CC-7),  and  in  one  of  the 
springs  (CC-8).  That  spring  had  drastically  reduced  flow  in  late  1999 
due  to  being  artificially  filled  with  gravel.  CC-9  was  adjacent  to  the 
secondary  springs  on  the  north  bank.  Station  CC-10  was  on  the  south 
bank  about  100  m  downstream  from  the  spring  pool.  No  springs  flows 
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were  within  100  m  of  Station  CC-10.  CC-11  was  an  additional  station 
established  at  the  headsprings  area.  Twenty-five  monthly  visits  were 
made.  The  standard  protocol  was  to  sample  all  stations  during  all 
daylight  hours  except  for  CC-1  and  CC-9,  which  were  sampled  on 
occasion  every  2  hours  during  three  24-hour  intervals.  Total  spring 
flows  appeared  to  be  relatively  consistent  throughout  the  sampling 
period. 

South  Concho. — Anson  Springs  is  on  the  Head  of  the  River  Ranch, 

4  km  south  of  Christoval,  Tom  Green  County  and  arise  from  the 
Edwards-Trinity  (Plateau)  aquifer  (Sharp  1990).  An  exotic  population 
of  G.  geiseri  is  the  "spring  endemic."  Station  SC-1  was  at  the  head- 
springs  where  one  spring  was  routinely  tested.  SC-2  was  100  m  south 
(upstream)  of  the  headsprings  in  an  area  with  minor  spring  seeps  where 
conditions  tended  to  be  less  spring-like  than  Station  SC-1.  The  spring 
at  this  site  ceased  flow  in  the  fall  of  1999.  SC-3  was  at  a  road  crossing 
in  Christoval.  Sampling  here  was  done  upstream  from  a  low- water 
crossing  and  under  the  highway  crossing  in  town.  SC-4  was  at  the 
County  Park,  about  4  km  north  (downstream)  of  Christoval,  immediately 
upstream  of  the  low-water  crossing  at  this  locality.  Spring  flows  were 
reduced  in  late  1999  due  to  drought  and  all  springs,  especially  the  one 
at  SC-2  had  low  (or  no)  flows.  The  standard  protocol  for  the  22 
monthly  visits  was  to  sample  SC-1  and  SC-2  at  0800  and  1300  hours, 
SC-3  at  0930  and  1200  hours,  and  SC-4  at  1000  and  1100  hours. 

Diamond-Y. — Diamond- Y  Spring  is  on  Nature  Conservancy  property 
10  km  north  of  Fort  Stockton,  Pecos  County,  in  west  Texas.  The 
springs  probably  originate  from  the  Permian  Rustler  Formation  and  issue 
from  Cretaceous  carbonate  rocks  equivalent  to  the  Edwards-Trinity 
(Plateau)  aquifer  (Boghici  1997).  Station  DY-1  was  at  the  headspring. 
DY-2  was  located  at  an  adjacent  small  spring  that  maintains  some  of  the 
spring  environmental  conditions.  Station  DY-3  was  about  30  m  east 
(downstream)  of  the  spring  pool.  DY-4  was  at  "Monsanto  Well",  about 

5  km  downstream  of  the  spring  pool  at  the  head  of  the  disjunct  "lower 
spring  system"  (Hubbs  et  al.  1978).  The  two  spring  segments  are  only 
occasionally  connected  (about  once  per  decade).  DY-5  was  located 
about  200  m  east  of  DY-3  and  downstream  from  two  small  side  springs. 
Environmental  data  were  sampled  from  one  of  these  side  springs  (DY 
6).  DY-7  was  at  Euphrasia  Spring  about  500  m  east  of  DY-5.  This  site 
is  another  source  of  spring  environmental  conditions,  in  addition  to  the 
headsprings.  A  number  of  circumstances  changed  at  the  Diamond-Y 
locality  during  the  sampling  interval.  During  a  severe  drought  in  1998, 
DY-4  and  DY-5  were  isolated,  and  the  DY-4  pool  lost  half  of  its  depth 
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and  developed  environmental  conditions  that  were  unfavorable  for  fish 
health  (Hubbs  2000).  At  the  same  time,  a  second  invasion  by  Cyprino¬ 
don  variegatus  and  hybridization  with  the  endemic  Cyprinodon  bovinus 
occurred  at  DY-1  and  DY-3.  The  first  C.  variegatus  invasion  was  at  the 
Highway  16  crossing  in  the  lower  watercourse.  This  exotic  was 
previously  removed  by  rotenone  treatment  and  extensive  seining  (Hubbs 
et  al.  1978)  and  hybridization  was  greatly  reduced  for  almost  two 
decades.  Another  attempt  to  remove  the  residual  hybrid  contamination 
from  the  lower  watercourse  by  intensive  seining  and  trapping  was  done 
in  March,  2000.  The  primary  source  of  the  second  contamination  was 
in  the  upper  watercourse.  This  area  was  treated  with  antimycin  in  1999 
to  kill  all  exotic  Cyprinodon  and  hybrids.  The  successful  removal  of 
pupfish  exotics  also  resulted  in  the  removal  of  the  exotic  G.  geiseri. 
Before  the  kill,  traps  routinely  contained  about  1,000  G.  nobilis  and 
1 ,000  G.  geiseri ;  more  recent  captures  now  contain  2,000  G.  nobilis  and 
no  G.  geiseri.  The  exotic  G.  geiseri  had  been  previously  eliminated 
from  the  lower  water  course  during  the  first  Cyprinodon  renovation;  thus 
it  is  now  entirely  gone  from  this  system.  The  native  G.  nobilis  and 
Lucania  parva  were  reintroduced  into  the  upper  watercourse  two  weeks 
after  the  antimycin  treatment  and  now  thrive  there.  A  pure  stock  of  C. 
bovinus  that  had  been  held  in  the  Dexter  National  Fish  Hatchery  for 
more  than  a  decade  was  also  introduced  into  the  upper  stream  course. 
The  spring  fishes  were  G.  nobilis  and  G.  geiseri.  The  standard  protocol 
was  to  sample  DY-1  and  DY-3  at  1000  and  1400  hours,  DY-4  and  DY-5 
at  0800  and  1300  hours,  and  DY-7  at  1000  and  1100  hours. 

Balmorhea.—  Two  spring  series  were  sampled  in  the  Balmorhea  area, 
Reeves  and  Jeff  Davis  counties,  in  west  Texas:  East  Sandia  Spring  and 
Phantom  Cave  Springs.  The  springs  discharge  both  from  a  nearby 
source  of  recharge  in  the  Davis  Mountains  and  a  distant  source,  perhaps 
in  Wildhorse  7  Flat,  near  Van  Horn,  Texas  (LaFave  &  Sharp  1987). 
Most  measurements  were  taken  in  Reeves  County,  but  one  station, 
Phantom  Cave  Springs  (PC-6),  straddled  the  county  line  so  that  some 
traps  were  in  Reeves  County  and  others  in  Jeff  Davis  County.  The 
endemic  G.  nobilis  and  the  exotic  G.  geiseri  are  the  spring  endemics 
used  in  the  analysis.  East  Sandia  Spring  is  located  about  1  km  east  of 
Balmorhea.  Traps  were  set  and  environmental  conditions  monitored  in 
the  spring  pool  (ES-1)  and  the  outlet  stream  (ES-2)  about  10  m  east 
(downstream).  No  noticeable  environmental  changes  were  noted  during 
the  sampling  time.  Measurements  were  taken  and  pooled  from  four 
distinct  parts  of  the  spring  pool.  Most  of  the  effort  at  the  Balmorhea 
locality  was  spent  at  Phantom  Cave  Springs,  about  8  km  west  of 
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Balmorhea.  Station  PC-1  was  below  the  irrigation  weir  and  the  U.S. 
Bureau  of  Reclamation  Refuge  Canal  and  station  PC-2  was  above  this 
wier.  Station  PC-3  was  at  the  downstream  end  of  the  Refuge  Canal. 
PC-4  was  located  30m  upstream  in  the  irrigation  canal.  PC-5  was  along 
the  Refuge  Canal  just  downstream  from  the  spring  pool.  PC-6  was  in 
the  spring  pool  where  the  county  line  is  located.  A  few  samples  were 
made  in  the  irrigation  canal  just  downstream  of  the  spring  pool  (PC-7). 
PC-8  was  a  side  spring  pool  just  east  of  the  spring  pool.  PC-9  was  in 
Phantom  Lake  about  50  m  from  Phantom  Cave;  measurements  were 
taken  whenever  water  was  present.  Twenty-six  visits  were  made.  The 
standard  protocol  at  East  Sandia  was  to  sample  at  1200  hours  and  at 
Phantom  Cave,  at  1400  and  0800  hours.  Substantial  changes  in  environ¬ 
mental  conditions  occurred  during  the  sampling  interval.  Phantom  Cave 
completely  dried  twice.  Fish  occurred  in  the  lake  before  and  after  the 
first  drying.  Water  and  fish  remained  throughout  in  both  canals.  Before 
1930,  Phantom  Cave  Springs  flowed  more  than  10  cmm1  (Sharp  1998); 
during  1999  flow  was  less  than  0.01  cmm  1  (Sharp  1998),  so  there  has 
been  a  decline  of  more  than  3  orders  of  magnitude  (Fig.  2). 

Big  Bend.—  Samples  were  taken  at  the  springs  feeding  Rio  Grande 
Village,  Brewster  County,  in  west  Texas.  The  springs  arise  from  an 
unnamed  aquifer.  Station  BB-1  was  at  the  "Spring  1"  pool.  This  pool 
was  dug  as  the  refugium  for  the  federally  endangered  Gambusia  gaigei. 
BB-2  was  located  in  the  area  a  short  distance  downstream  from  "Spring 
1".  BB-3  was  at  the  “Spring  1”  Box  at  head  of  the  spring.  BB-4  was 
located  at  the  box  for  "Spring  4",  the  original  habitat  for  G.  gaigei. 
Station  BB-5  was  at  the  outflow  of  "Spring  4"  and  BB-6  was  in  the 
"Spring  4"  pool.  The  "Spring  4"  area  is  at  the  headquarters  of  Graham 
Ranch;  originally,  it  was  called  the  Graham  Ranch  Warm  Spring.  This 
is  also  the  water  source  for  the  Rio  Grande  Village  campground,  a 
factor  that  may  influence  spring  discharge  volumes.  Station  BB-7  was 
located  in  the  "Beaver  Pond",  2  to  100  m  south  of  the  "Spring  4"  pool. 
Gambusia  gaigei  is  a  spring  endemic  species  that  has  been  negatively 
impacted  by  the  invasion  of  Gambusia  affinis  when  spring  flows  were 
diminished  (Hubbs  &  Broderick  1963).  Big  Bend  was  visited  only  in 
June  and  December,  1999.  The  standard  protocol  was  to  sample  at 
0800  and  1500  hours. 

Devils  River. — Samples  were  taken  at  the  springs  feeding  Dolan  Creek 
and  the  Devils  River  at  the  Nature  Conservancy’s  Dolan  Falls  Preserve 
in  Val  Verde  County.  The  springs  arise  from  the  Edwards-Trinity 
(Plateau)  aquifer.  Samples  were  taken  at  two  springs:  Side  Angle 
Spring  (DR-1),  a  tributary  to  Dolan  Creek,  and  Finegan  Spring  (DR-2), 
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Figure  2.  Phantom  Cave  Springs  area  in  1938  (upper)  and  2000  (lower)  showing  long-term 
changes  at  Phantom  Lake. 
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a  tributary  to  the  Devils  River.  The  two  streams  conjoin  about  one  and 
two  km  downstream,  west  and  south,  respectively,  just  upstream  from 
Dolan  Falls.  At  Side  Angle  Spring,  samples  were  taken  at  the  spring 
outflow  (at  Spring),  at  a  shallow  pool  downstream  (Downstream),  in  the 
current  in  Dolan  Creek  (Current),  and  at  the  surface  and  the  bottom  of 
a  pool  downstream  (Spring  Pool).  At  Finegan  Springs,  samples  were 
taken  at  the  spring  outflow  (at  Spring),  at  the  surface  in  a  shallow  pool 
downstream  (Downstream),  and  at  the  surface  and  bottom  in  a  pool  of 
the  Devils  River  (Spring  Pool).  The  Devils  River  localities  were  visited 
only  in  October  1999.  Samples  were  taken  at  0800  and  1500  hours. 
Gambusia  speciosa  was  the  spring  inhabitant  used  in  the  analysis. 

Results 

Chemical  Analyses 

San  Marcos  Springs.—  The  average  temperatures  were  slightly  above 
21.8°C  at  SM-1  (Table  1).  The  average  dissolved  oxygen  was  well 
above  4  mg/L.  The  turbidity  varied  widely  depending  upon  algal 
blooms.  The  average  pH  was  about  7.2  at  SM-1  but  above  7.6  at  SM-3 
and  about  8  at  SM-4  and  BR- 1  due  in  part  to  the  time  of  day.  Ammonia 
(0. 15  mg/1),  nitrate  (20  mg/1)  and  salinity  (0.30  ppt)  levels  were  similar 
at  all  localities.  The  coefficient  of  variation  of  temperature  at  SM- 1  was 
near  0.03;  at  the  surface  of  SM-2  near  0.08  and  at  the  bottom,  0.06;  at 
SM-3,  between  0.044  and  0.062;  at  SM-4,  above  0.1;  and  at  BR-1, 
above  0.18.  Dissolved  oxygen  variation  was  highest  at  Station  SM-2 
and  lowest  at  SM-4.  Turbidity,  pH,  NH4,  N03,  and  salinity  variations 
were  similar  at  all  stations. 

Comal  Springs.— The  average  temperatures  at  CR-1  were  slightly 
above  that  of  the  springs:  23.4°C  vs.  23.2°C,  but  cooler  at  CR-4, 
CR-5,  and  CR-6:  22.5  to  23.1°C  (Table  1).  The  dissolved  oxygen 
averages  were  always  above  5  mg/L.  Surface  turbidities  were  lowest  at 
CR-1  but  higher  at  the  bottom  in  dense  vegetation,  low  at  CR-2,  and 
relatively  high  at  CR-3,  presumably  because  of  numerous  air  bubbles. 
Average  turbidity  increased  downstream.  The  average  pH  was  near  7.3 
at  the  springs  CR-1,  CR-2  and  CR-3,  but  about  7.7  downstream.  Am- 
moia  readings  were  relatively  low  at  all  stations:  below  0.3  mg/1. 
Nitrate  readings  were  about  20  mg/L  at  all  stations.  Salinity  readings 
were  about  0.26  ppt  at  all  stations.  The  coefficient  of  variation  of 
temperature  was  very  low  at  the  springs  (below  0.005),  slightly  higher 
at  the  surface  at  CR-1  (0.01),  but  near  that  of  the  springs  at  the  bottom 
(0,006).  Temperature  variations  downstream  were  always  above  0.025. 
Disolved  oxygen,  turbidity,  pH,  nitrate,  ammonia  and  salinity  variations 
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were  similar  at  all  stations. 

Clear  Creek.— Average  temperatures  were  relatively  similar  at  most 
stations:  near  20.5 °C  (Table  1).  The  exceptions  were  CC-10  (22.5 °C 
and  at  the  bottom  (19.8°C).  The  average  dissolved  oxygen  was  always 
above  5  mg/L.  Turbidity  varied  widely  from  being  highest  at  depth 
sampled  and  low  at  spring  outflows.  pH  near  springs  was  near  7,  but 
at  the  surface  of  CC-4,  7.5;  CC-5  and  CC-3,  7.3;  and  CC-10,  7.4. 
Deep  readings  at  CC-4  and  CC-5  were  much  more  spring-like  (7. 1  and 
7.3).  Ammonia  readings  were  relatively  low,  but  high  at  CC-10. 
Nitrate  readings  were  10  to  15  mg/L  except  at  the  surface  just  above  the 
dam  spillway  (CC-2).  Salinity  readings  were  relatively  low  (near  0.3 
ppt).  Thermal  variation  (expressed  as  standard  error)  was  relatively  low 
near  springs,  reaching  ±  0.00005,  well  beyond  the  accuracy  of  most 
thermometers.  Coefficients  of  variation  (COV)  for  surface  temperatures 
were  0.04  at  CC-1,  0.20  at  CC-4,  0.15  at  CC-5,  0.017  at  CC-6,  and 
0.16  at  CC-10S.  Both  spring  stations  had  consistent  temperatures. 
Dissolved  oxygen  variation  was  relatively  low  except  at  CC-4,  CC-5, 
and  CC-6,  where  occasional  readings  were  below  0. 1  mg/L.  The  higher 
numbers  were  surface  readings.  Turbidity,  ammonia,  nitrate  and  salinity 
variations  were  relatively  consistent  across  sites.  Substantial  variations 
occurred  in  pH  at  CC-4,  CC-5  and  CC-10  and  at  depth.  Temperatures 
at  CC-4,  CC-5  and  CC-10  rose  1°C  every  15  minutes  in  the  early 
afternoon  but  dropped  1°C  every  30  minutes  in  late  afternoon.  Varia¬ 
tion  in  pH  at  CC-4  was  analyzed  on  a  time  scale,  being  high  in  the 
afternoon  and  low  in  the  morning  but  consistently  low  at  Station  CC-1 
(Fig.  3).  It  was  assumed  that  plant  photosynthesis  raised  pH  and 
metabolism  lowered  pH.  As  downstream  pH  values  were  higher  than 
those  of  springs,  inflow  of  spring  water  may  have  influenced  pH. 

A  series  of  24-hour  tests  was  run  at  CC- 1  and  CC-4  to  determine  how 
much  spring  inflow  contributed  to  the  pH  change.  At  CC-4,  morning 
pH  was  about  7.1,  but  evening  pH  was  about  8,  a  change  of  nearly  an 
order  of  magnitude  (pH  is  on  a  log  scale).  Plastic  buckets,  containing 
just  water  from  the  site  or  both  water  and  plants,  were  placed  in  the 
water  at  CC-1  and  CC-4.  Thus,  the  temperatures  of  the  water  within 
these  buckets  reflected  temperatures  taken  at  the  stations,  but  the 
chemistry  (=  pH)  was  isolated.  The  pH  in  buckets  with  only  water  rose 
slowly  (possibly  due  to  plankton  metabolism);  the  pH  in  buckets  with 
water  and  plants  oscillated  but  never  was  as  low  in  the  morning  as  that 
at  the  adjacent  station  (about  7.3  versus  7.1).  Evening  pH  values  were 
similar  between  stations  and  buckets.  Spring  inflow  through  Station 
CC-2  reduced  the  pH  change  from  0.9  units  to  only  0.7  units.  pH  could 


Table  1.  Average  values  for  seven  environmental  variables  at  various  sites  at  eight  spring  systems  in  Texas.  Shown  for  each  station  are  the 
number  of  measurements  taken  (N)  during  the  1998-1999  study  period,  and  the  means  and  coefficients  of  variation  (in  parentheses)  for  each 
station  sampled.  See  text  for  site  locations.  Site  marked  with  an  “S”  indicate  measurements  taken  from  near  the  surface  and  those  marked  with 
“B”  indicate  environmental  readings  taken  from  the  bottom. 
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— ■ —  CC-1  CIBk 

A  CC-1  CIBk 

X  CC-1  Veg  Bk 
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Figure  3.  Average  pH  at  different  stations  at  Clear  Creek  over  a  24-hour  period.  Solid  lines 
are  at  the  upstream,  west  end  of  dam;  dashed  lines  are  at  the  upstream,  east  end  of  the 
dam  and  Garrett  Springs  are  on  the  downstream  side  of  the  east  end  of  the  dam. 


vary  substantially  between  sample  sites  at  the  same  time  and  date, 
dependent  upon  vegetation  present.  Those  specific  sites  with  dense 
vegetation  often  had  much  higher  readings  than  those  from  open  water. 
For  example,  at  CC-5,  in  surface  readings  one  meter  apart,  those  from 
open  water  were  much  lower  than  those  from  vegetation  (January  13, 
1300  hours,  6.98  vs.  7.30;  February  12,  1600  hrs,  7.09  vs.  7.63;  and 
February  12,  1700  hrs,  7.49  vs.  7.84). 

South  Concho.—  The  average  temperature  at  SC-1  was  near  20.3°C 
(Table  1).  SC-2  was  cooler,  as  winter  readings  after  spring  flow  ceased 
were  relatively  low.  SC-3  readings  were  somewhat  high  as  they 
occurred  later  in  the  day.  SC-4  average  temperatures  were  relatively 
low  due  to  very  cold  winter  readings  with  low  flow.  Dissolved  oxygen 
readings  were  always  above  5  mg/L.  Turbidity  readings  were  relatively 
low  except  during  algal  blooms  at  SC-2  and  SC-4.  pH  readings  near 
springs  were  near  7.2,  but  at  the  surface  at  SC-2  pH  was  7.36.  pH 
readings  at  SC-3  and  SC-4  were  near  7.9.  Ammonia  readings  were 
relatively  consistent  at  0.12  to  0.17  mg/L.  Nitrate  readings  were 
relatively  high  but  consistent  in  the  20  mg/L  range.  Salinity  readings 
did  not  vary,  being  0.30  or  0.31  ppt.  Temperature  variation  in  the 
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springs  was  low  with  coefficient  of  variation  of  0.006,  but  in  the  spring 
that  ceased  flowing,  it  was  0.07.  Surface  water  temperature  coefficients 
of  variation  ranged  from  low  (SC-1  at  0.026)  to  high  (SC-2  at  0. 19  and 
SC-3  at  0.25)  and  even  higher  (SC-4  at  0.27).  The  variation  in  both 
depth  readings  at  SC-3  and  SC-4  was  lower  than  that  of  the  adjacent 
surface  readings.  Variations  of  pH,  dissolved  oxygen,  nitrate,  ammonia, 
and  salinity  were  relatively  consistent  among  stations. 

Diamond-Y.—  The  average  water  temperatures  were  near  20 °C  near 
the  springs,  with  cooler  water  at  1  m  in  depth  (Table  1).  Surface 
temperatures  were  20.5 °C  at  DY-1,  20.6°C  at  DY-3,  17.25 °C  at  DY-4, 
17.6°C  at  DY-5  and  19.37°C  at  DY-7  (Euphrasia  Spring).  Average 
dissolved  oxygen  was  generally  above  4  mg/L  but  with  depth  at  DY-5, 
just  above  4  mg/L.  Turbidity  readings  were  consistently  high,  occasion¬ 
ally  above  200  NTU.  Oddly,  the  high  turbidity  reading  was  at  the 
bottom  of  the  upper  spring  (DY-2);  presumably  much  silt  was  stirred  by 
spring  outflow.  pH  near  springs  was  near  7,  but  at  DY-4,  pH  was 
about  7.6.  Ammonia  tended  to  be  high  and  often  near  8  mg/L.  Nitrates 
were  also  high,  often  being  above  40  mg/L.  Salinities  near  springs  were 
high,  usually  between  3  to  6  ppt,  but  at  DY-4,  they  were  well  above  15 
ppt,  or  about  half  the  salinity  of  seawater.  Chemical  readings  at  the 
small  spring  (DY-6)  differed  substantially  from  those  at  Diamond-Y  and 
Euphrasia  Springs.  The  differences  were  presumed  to  result  from  an  old 
oil  well  disposal  pit  near  DY-4.  The  ground  surface  at  this  locality 
contained  only  sparse  vegetation.  Thermal  variation  was  low  near 
springs,  with  coefficients  of  variation  less  than  0.2,  but  at  DY-4  and 
DY-5,  coefficients  of  variation  exceeded  0.3.  The  small  spring  between 
those  two  stations  also  had  similar  thermal  variation.  Dissolved  oxygen 
variation  was  relatively  low  at  the  upper  stations,  ranging  between  0.4 
to  0.8  mg/L,  but  at  depth  at  DY-3  and  DY-4,  it  exceeded  1.0  mg/L. 
pH,  ammonia,  nitrates  and  salinity  were  relatively  similar  for  all  stations 
except  DY-4  where  high  readings  occurred  for  pH  and  salinity  during 
low  water  periods. 

Balmorhea.— East  Sandia  (ES  1  and  2)  temperature  averages  varied 
with  locality  (Table  1).  Deep  readings  presumably  reflected  spring 
discharge  (19.67°C).  Downstream  temperatures  were  similar,  but  pool 
surface  readings  were  higher.  East  Sandia  samples  were  taken  at 
midday,  after  sun  warming  may  have  played  a  role.  The  downstream 
station  was  in  the  midst  of  a  thick  cattail  mass,  thus  shaded.  All  pH’s 
were  above  7.  Turbidity  appeared  high,  especially  at  depth.  pH  was 
between  7.1  to  7.2.  Ammonia  readings  were  relatively  low  (1.6  mg/L), 
but  a  little  higher  downstream  (2.0  mg/L).  Nitrate  levels  were  uniform- 
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ly  in  the  25  to  30  mg/L  range.  Salinities  were  near  2.2  ppt.  The 
coefficient  of  variation  for  temperature  was  relatively  low  (about  0.1), 
as  was  dissolved  oxygen  (COV  varied  between  0.3  and  0.4).  Turbidity 
variation  was  low  in  the  spring  pool  but  higher  downstream.  pH, 
ammonia  and  salinity  variations  were  low,  especially  downstream. 
Nitrate  variations  were  low  at  the  spring  pool  but  not  downstream. 

Phantom  Cave  (=  PC-6)  average  temperatures  were  near  25  °C  (Table 
1).  Clearly,  subsurface  heating  of  the  aquifer  was  involved.  Average 
temperatures  were  lower  at  a  distance  from  the  spring:  24.3 1°C  at 
PC-4,  23.29°C  at  PC-5,  18.15°C  at  PC-3  (cattails),  21.97°C  at  PC-3 
(lower  wier),  14.35°C  at  PC-2,  19.09°C  at  PC-1,  18.08°C  at  PC-7 
(Near),  18.45°C  at  PC-7  (Distant),  20.92°C  at  PC-8  and  22.02°C  at 
Phantom  Lake  (PC-9).  Phantom  Lake  lacked  winter  readings,  as  it  was 
dry.  Dissolved  oxygen  readings  in  the  spring  pool  were  low  at  1.85 
mg/L  and  1.97  mg/L,  but  otherwise  only  the  nearby  PC-4  and  PC-5  had 
dissolved  oxygen  readings  near  4  mg/L.  Turbidity  was  low  at  the  cave 
surface  but  relatively  high  at  most  of  the  other  sites.  pH  was  relatively 
low  near  the  cave  pool  PC-6),  7.17  NTU  and  6.92  NTU,  at  the  surface 
and  bottom,  respectively.  It  was  higher  at  both  ends  of  PC-3  (7.58 
NTU  and  7.55  NTU),  PC-8  (7.56  NTU)  and  Phantom  Lake  (PC-9,  7.58 
NTU).  It  was  moderate  at  PC-4  (7.27  NTU)  and  PC-5  (7.22  NTU)  and 
quite  low  at  the  two  irrigation  canal  locations  by  the  Refuge  Canal 
overflow.  Ammonia,  nitrates  and  salinities  were  high  at  all  locations, 
especially  near  the  Phantom  Cave  outlet.  Temperature  variation  was 
low  in  the  cave  pool  (COV  =  0.02)  and  increased  with  distance  from 
this  pool,  reaching  0.44  at  Phantom  Lake.  Dissolved  oxygen  coeffi¬ 
cients  of  variation  ranged  from  0.34  near  the  overflow  of  the  Refuge 
Canal  to  1.25  where  the  minnow  traps  were  set.  Turbidity,  NH4,  N03, 
and  salinity  variations  had  no  apparent  correlation  with  sample  site.  pH 
variation  was  low  at  the  cave  pool  (COV  §g  0.020)  and  increased  with 
distance,  reaching  a  maximum  (0.41)  at  PC-4. 

Big  Bend.  — T emperatures  at  Big  Bend  were  quite  warm  (34.9 °C  and 
33.1°C)  at  the  "Spring  4"  (BB-3)  and  "Spring  1"  (BB-4)  boxes,  respec¬ 
tively,  and  declined  with  distance  (Table  1).  Conditions  differed  slightly 
between  the  two  spring  boxes  perhaps  because  of  their  proximity  to  Hot 
Springs  (Spring  4  is  closer  to  Hot  Springs).  Subsurface  heating  was 
clearly  involved  at  both  sites,  in  addition  to  the  obvious  heat  of  the 
nearby  (and  fishless)  Hot  Springs  which  maintains  a  nearly  40 °C 
temperature.  Downstream  readings  from  "Spring  1"  (BB-2)  were  only 
taken  in  December  1999.  Dissolved  oxygen  was  low  (2.8  mg/L)  at  the 
"Spring  1"  Box  but  otherwise  over  4  mg/L.  Turbidity  was  low  except 
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at  the  Beaver  Pond  (BB-7).  pH  was  low  near  "Spring  1"  (6.6)  but  high 
at  its  outlet  (BB-2,  7.67)  and  even  higher  in  the  BB-6  pool  (7.46)  and 
the  Beaver  Pond  (BB-7)  (7.63).  Ammonia  tended  to  be  over  1  mg/L  at 
all  stations.  Nitrates  were  about  7  mg/L  at  all  stations  and  salinities 
measured  0.6  to  0.7  ppt  at  all  stations.  Thermal  variation  was  low  in 
the  spring  boxes  (COV  =  0.012  and  0.16,  BB-3  and  BB-4,  respectively) 
but  high  near  "Spring  1"  (BB-2,  0.27)  in  the  Spring  4  pool  (BB-6,  0.22) 
and  Beaver  Pond  (BB-7,  0.31).  Dissolved  oxygen  variation  was  high 
but  consistent.  Turbidity,  ammonia,  nitrate  and  salinity  variations  were 
low  and  consistent  among  stations. 

Devils  River. — The  average  temperatures  were  similar  at  both  spring 
outlets  (22.45  °C  and  22.46°C)  and  were  slightly  higher  away  from  these 
(Table  1).  Dissolved  oxygen  was  always  above  5  mg/L.  Turbidity 
varied  from  0  to  129.46  NTU.  pH  was  moderate  7.38  at  Side  Angle 
Spring  (DR  1)  and  slightly  lower  (7.26)  at  Finegan  Spring  (DR  2).  pH 
remained  consistent  with  distance  from  Finegan  Spring,  but  rose  with 
distance  from  Side  Angle  Spring.  Ammonia,  nitrates  and  salinity  were 
low  at  all  localities.  Temperature  variation  was  consistently  low  at  the 
spring  outflows  and  higher  away  from  them.  Dissolved  oxygen,  turbidi¬ 
ty,  ammonia,  nitrate  and  salinity  variations  were  minimal  at  all  locali¬ 
ties.  pH  variations  were  least  near  the  springs  and  greater  elsewhere. 

Fish  Captures 

Most  of  the  5 15,092  fishes  captured  were  counted  and  returned  to  the 
capture  site.  Some  specimens  (less  than  1%)  were  brought  to  the 
laboratory  for  use  in  other  experiments.  The  percent  relative  abun¬ 
dances  for  each  species  at  each  locality  are  given  in  Table  2.  Most  of 
the  fish  captured  were  Gambusia.  The  first  four  species  of  Gambusia 
listed  in  Table  2  are  spring  inhabitants;  of  these,  G.  heterochir ,  G. 
nobilis  and  G .  gaigei  are  federally  endangered.  The  fourth  species  G. 
geiseri ,  is  native  to  the  San  Marcos  and  Comal  rivers  and  adjacent 
springs  but  exotic  elsewhere.  Gambusia  speciosa  and  G.  affinis  live  in 
streams  and  in  springs  where  the  spring-endemic  species  are  absent. 
Where  sympatric  with  spring  species,  G .  affinis  is  the  stream  species. 
Occasionally  Gambusia  hybrids  occurred  at  the  Clear  Creek,  Diamond-Y 
and  Phantom  Cave  sites.  Hybrid  frequency  is  known  to  have  declined 
at  Clear  Creek  after  dam  reconstruction  (Edwards  &  Hubbs  1985),  and 
hybrids  have  long  been  known  at  Diamond-Y  (Hubbs  et  al.  1978). 

Dionda  episcopa  and  D.  argentosa ,  Notropis  amabilis,  N.  volucellus , 
Cyprinella  venusta ,  Campostoma  anomalum ,  Pimephales  vigilax  and 
Notemigonus  crysoleucas  are  all  cyprinids.  Both  Dionda  species  are 
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spring-adapted  minnows  but  the  two  species  have  allopatric  distributions. 
Notemigonus  is  exotic  at  the  San  Marcos  locality  where  it  was  captured. 
Astyanax  mexicanus  is  a  characin.  It  is  native  to  the  Balmorhea  area  but 
has  been  introduced  into  the  San  Marcos,  Comal  and  South  Concho 
Rivers.  Three  catfishes  were  captured:  Ictalurus  natalis,  /.  melas  and 
Pterygoplichthys  sp.  Ictalurus  natalis  is  native  and  the  others  have  been 
introduced.  Poecilia  latipinna  and  P.  formosa  are  poeciliids  and  are 
exotic  in  the  study  area.  Cyprinodon ,  Fundulus  and  Lucania  are 
cyprinodontids.  Most  populations  of  Lucania  parva  are  estuarine,  but 
the  Diamond-Y  population  is  native  to  the  high-salinity  waters  of  the 
Pecos  River  system.  However,  this  species  is  exotic  at  Clear  Creek. 
Fundulus  notatus  is  native  to  the  San  Marcos  River  and  F.  zebrinus  is 
endemic  at  the  Diamond-Y  site.  Cyprinodon  species  in  Texas  have 
allopatric  distributions.  Cyprinodon  bovinus  is  native  to  the  Diamond-Y 
system,  C.  elegans  is  native  to  the  Balmorhea  area,  and  C.  eximius  is 
native  to  the  Devils  River.  Both  C.  bovinus  and  C.  elegans  are  federally 
endangered,  and  C.  eximius  also  should  be  considered  for  this  designa¬ 
tion.  Cyprinodon  species  often  occur  in  springs  but  are  tolerant  of 
environmental  extremes. 

The  seven  species  of  Lepomis  and  both  Micropterus  species  are 
centrarchids.  Lepomis  punctatus  is  a  spring  species  in  Texas,  and  L. 
macrochirus  is  a  stream  species.  They  seldom  co-occurred  in  samples 
taken  during  this  study.  Micropterus  dolomieu ,  L.  microlophus  and  L. 
auritus  are  exotics.  Etheostoma  lepidum ,  E.  fonticola  and  E.  spectabile 
are  percids.  Etheostoma  lepidum  and  E.  fonticola  are  spring  species, 
and  E.  spectabile  is  a  stream  species  that  does  not  co-occur  with  its 
congeners  in  these  samples.  E.  fonticola  is  an  endangered  species. 
Cichlasoma  cyanoguttatum  and  Oreochromis  aureus  are  cichlids  that 
have  been  introduced  into  the  sample  area. 

San  Marcos  and  Comal  rivers.—  In  each  of  these  localities,  most  of 
the  fish  captured  were  G.  geiseri.  They  were  seldom  captured  in  the 
same  traps  as  the  sympatric  G.  affinis. 

Clear  Creek. — Most  of  the  199,340  fish  captured  were  G.  heterochir. 
Gambusia  heterochir  dominated  above  the  earth-concrete  dam,  and  G. 
affinis  dominated  below.  Although  G.  heterochir  captures  accounted  for 
almost  90%  of  the  samples,  none  were  captured  at  CC-10  where  G. 
affinis  dominated.  Above  the  dam,  the  percent  G.  heterochir  was 
highest  at  CC- 1 ,  and  below  the  dam  this  species  was  most  abundant  at 
CC-6.  These  are  both  spring  habitats.  These  results  are  similar  to  those 
reported  by  Hubbs  (1971)  in  that  the  relative  abundance  of  G.  heterochir 
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relative  to  G.  affinis  was  associated  with  thermal  consistency  and  low 
pH.  Other  environmental  parameters  were  not  measured  in  the  earlier 
study. 

South  Concho. — Most  of  the  24,280  fish  captured  at  this  locality  were 
G.  geiseri ,  but  none  were  captured  at  Station  SC-4  where  all  of  the  G. 
affinis  were  captured. 

Diamond-Y  Springs  .—Most  of  the  121,280  fish  captured  were  either 
G.  nobilis  or  G.  affinis  and  each  species  dominated  at  different  sites. 

Balmorhea. — Most  of  the  83,419  fish  captured  were  G.  geiseri  or  G. 
nobilis.  Gambusia  affinis  dominated  in  Phantom  Lake  (PC-9)  where  few 
G.  geiseri  and  no  G.  nobilis  were  caught. 

Big  Bend. — Most  of  the  5,121  fish  captured  were  G.  gaigei ,  but  G. 
affinis  dominated  in  the  Beaver  Pond  site  (BB-7). 

Devils  River.—  Most  of  the  815  fish  captured  were  G.  speciosa ,  but 
they  were  less  often  captured  away  from  the  springs. 

Fish  Abundance  Contrasted  with  Environmental  Conditions 

The  environmental  data  taken  at  the  spring  outlets  varied  extensively 
among  the  springs  sampled.  Outlet  temperatures  varied  between 
19.61  °C  and  33.97°C.  Dissolved  oxygen  varied  between  1.88  and  8.65 
mg/L.  pH  varied  between  6.60  and  7.32.  Ammonia  varied  between 
0.09  (CR3)  and  5.29  (DY6)  mg/L.  And,  salinity  varied  between  0.23 
(DR-1)  and  7.09  (DY6)  ppt.  As  the  patterns  of  distribution  of  spring- 
adapted  and  stream-adapted  fishes  were  similar  among  all  the  springs, 
the  relative  fish  abundances  found  are  not  likely  due  to  the  measured 
environmental  conditions  at  the  spring  outflows  alone. 

San  Marcos.—  Stations  SM-4  and  SM-5  had  much  more  temperature 
variation  and  higher  pH  than  the  other  three  stations  and  fewer  spring- 
adapted  Gambusia.  Station  SM-2  had  more  thermal  variation  and  a 
lower  pH  than  Station  SM-3  and  fewer  spring-adapted  Gambusia.  In 
this  instance,  the  relation  between  relative  fish  abundance  and  thermal 
variation,  but  not  pH,  was  consistent  among  stations. 

Comal. — Stations  CR-2,  CR-3  and  CR-4  had  much  more  temperature 
variation  and  a  higher  pH  than  Station  CR-1  and  fewer  spring-adapted 
Gambusia.  Station  CR-3  had  less  temperature  variation  than  Stations 
CR-2  and  CR-4  and  more  spring-adapted  Gambusia.  While  stations 
CR-2,  CR-3  and  CR-4  had  equivalent  pH  readings,  they  had  very 
different  spring  fish  abundances.  Temperature  stability  reflected  the 
relative  spring  or  stream  fish  abundance  more  than  pH  did. 
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Although  spring  flow  variations  undoubtedly  occurred  at  all  locations, 
the  best  documentation  was  collected  at  Comal  Springs.  The  spring  flow 
variation  correlated  well  with  relative  fish  captures  at  Station  CR-6  in 
the  Old  Channel  (Fig.  4).  Spring  flows  declined  during  the  1998 
drought  but  rose  after  the  October  flood.  Before  the  flood,  high  spring 
flows  (greater  than  300  cfs)  always  had  more  than  70%  spring  endemics 
(G.  geiseri).  At  the  peak  of  the  drought  (in  July  when  spring  flows 
were  approximately  250  cfs),  spring  endemics  were  only  about  40%  at 
the  population.  Thus,  a  spring  flow  reduction  of  one-sixth  coincided 
with  a  spring  fish  reduction  of  nearly  one-half.  Relatively  high  salinity 
measurements  were  also  taken  in  July  on  the  stream  bottoms.  Three  of 
four  July  bottom  readings  were  more  than  twice  that  of  any  others  for 
the  rest  of  the  study.  Brackish  ("bad  water")  outflows  appear  to  have 
entered  the  Comal  River  when  spring  flows  were  at  a  minimum.  After 
the  flood,  G.  geiseri  was  absent  despite  the  high  spring  flows  in  1999. 
Similarly,  few  G.  geiseri  were  captured  at  San  Marcos  Stations  SM-3, 
SM-4  and  BR-1  after  that  flood.  A  similar  decline  in  G.  geiseri  also 
occurred  at  the  South  Concho  Stations  SC-2,  and  SC-3  after  a  June  1999 
flood  had  passed  through  the  area.  Clearly,  G.  geiseri  appears  to  be 
negatively  impacted  by  flooding.  Other  species  (mostly  sunfish) 
predominated  at  Comal  Station  CR-6  after  the  flood. 

Adverse  conditions  at  Comal  Springs  may  have  special  circumstances 
for  the  two  spring  endemic  fish  that  occur  there:  (G.  geiseri  and 
Etheo stoma  fonticola) .  During  the  1956  drought,  spring  flow  ceased  and 
E.  fonticola  was  extirpated,  but  G.  geiseri  was  not.  It  is  apparent  that 
the  endangered  E.  fonticola ,  which  has  now  been  reintroduced  into  the 
system,  is  more  susceptible  to  low  flows  than  G.  geiseri  and  would  be 
expected  to  be  more  adversely  impacted  than  G.  geiseri.  Consequently, 
spring  flows  below  300  cfs  appear  to  have  serious  negative  impacts  on 
the  abundance  of  E.  fonticola  in  the  Comal  Springs  system. 

Clear  Creek.—  The  Clear  Creek  data  are,  in  reality,  two  different  data 
sets.  Stations  CC-1  and  CC-2  are  in  a  pool  dominated  by  the  spring- 
adapted  G.  heterochir ,  and  Stations  CC-3 ,  CC-4  and  CC-5  are  in  a  pool 
dominated  by  G.  afftnis.  An  earth-concrete  dam  effectively  blocks 
migration  by  the  two  species  between  the  two  pools.  However,  G. 
heterochir  abundance  was  associated  with  low  thermal  variation  and 
higher  pH  than  the  lower  pool  area.  The  results  of  this  study  paralleled 
the  previous  studies  of  Hubbs  (1971)  and  Edwards  &  Hubbs  (1985)  from 
the  same  areas. 

South  Concho .  —Stations  SC-1  and  SC-2  had  the  lowest  thermal 
variation  and  pH  and  had  the  highest  percentage  of  spring-adapted  fish 
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Figure  4.  Relative  abundances  of  G.  geiseri,  G.  affinis  and  all  other  fishes  captured  during 
the  1998-1999  study  period.  A  moderate  drought  occurred  during  May  to  August,  1998 
and  a  500  year  flood  event  occurred  during  October  1998. 


(G.  geiseri).  Station  SC-3  was  intermediate  and  contained  nearly  equal 
numbers  of  spring-  and  stream- adapted  Gambusia.  Station  SC-4  had  a 
high  degree  of  thermal  variation  and  pH  and  no  G.  geiseri. 

Diamond-Y.—  Stations  DY-1,  DY-2  and  DY-5  had  the  lowest  thermal 
variations  and  pH,  and  the  most  spring  fish.  Station  DY-4  was  some¬ 
what  intermediate  with  respect  to  thermal  variation  and  spring-adapted 
fish;  and  Station  DY-3  had  the  most  thermal  variation  and  the  fewest 
spring  fish.  (At  this  station,  only  two  G.  nobilis  and  more  than  20,000 
G.  affinis  were  captured).  In  March  2001,  spring  flows  at  Diamond-Y 
visibly  increased.  This  allowed  a  further  assessment  of  the  influence  of 
spring  flows  on  spring-  and  stream-adapted  fish  abundances.  The 
relative  abundance  of  C.  bovinus  increased  in  the  downstream  area  (5  % 
after  the  flow  increase  versus  2  %  before) .  Lucania  parva  (25  %  versus 
7%)  and  G.  nobilis  (59%  versus  46%)  similarly  increased  in  relative 
abundance  in  the  area  while  the  relative  abundance  of  G.  affinis 
decreased  (1 1  %  after  the  flow  increase  versus  46%  before). 

Balmorhea. — Although  the  stations  sampled  at  East  Sandia  Springs 
were  in  close  proximity,  there  were  slight  reductions  in  spring-adapted 
fish  in  the  stations  with  high  pH  and  thermal  variations  and  more  G. 
affinis  were  taken  downstream.  In  the  Phantom  Cave  Springs,  the 
Phantom  Lake  samples  (PC-9)  were  quite  distinct  from  the  other 
stations,  having  an  abundance  of  stream-adapted  fishes  and  a  high  pH 
and  thermal  variation.  The  other  stations  had  a  preponderance  of 
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springadapted  fishes  and  more  stable  thermal  conditions. 

Substantial  spring  flow  changes  also  occurred  at  Phantom  Cave 
Springs  where  the  springs  have  nearly  dried.  Environmental  conditions 
at  four  of  the  stations  that  maintained  water  were  contrasted  before  and 
after  Phantom  Cave  Springs  went  dry  (Table  3).  The  average  tempera¬ 
ture  was  drastically  reduced  at  the  stations  farthest  from  the  springs  after 
the  springs  failed,  reflecting  the  influence  of  ambient  winter  air  tempera¬ 
tures.  Dissolved  oxygen  was  substantially  increased  at  the  spring  pool 
(PC-6).  Turbidity  and  ammonia  increased  at  all  four  stations  and  pH, 
salinity  and  the  coefficient  of  variation  for  temperature  were  dramatically 
raised  at  three  of  the  four  stations.  Nitrates  and  the  coefficients  of 
variation  for  dissolved  oxygen,  turbidity,  pH,  ammonia,  and  salinity 
were  reduced  at  all  stations.  The  conditions  after  the  springs  stopped 
flowing  appeared  to  favor  stream-adapted  fishes.  This  was  reflected  in 
the  relative  numbers  of  different  fishes  captured.  The  proportion  of 
Gambusia  nobilis  captured  decreased  at  all  stations.  The  proportion  of 
Gambusia  affinis  captured  increased  at  all  stations  except  the  spring  pool 
where  no  G.  affinis  have  ever  been  captured.  The  proportion  of  the 
endangered  C  elegans  rose  at  all  stations  as  one  might  predict,  since  the 
species  can  do  well  in  harsh  environments.  In  all  probability,  they  will 
continue  to  survive  in  this  location  until  the  spring  pool  is  dry.  The 
total  number  of  fish  captured  was  dramatically  lower  after  the  springs 
failed  except  at  the  spring  pool.  That  station  may  suffice  to  maintain  the 
endangered  fishes  until  remedial  increases  in  spring  flow  are  made.  By 
March  2001,  the  spring  had  nearly  ceased  to  flow,  the  spring  pool  was 
extremely  reduced,  and  the  numbers  of  G.  nobilis  captured  have 
decreased  dramatically. 

Big  Bend.—  The  Beaver  Pond  site  (BB-7)  had  the  greatest  thermal 
variation,  highest  pH  and  the  fewest  spring  fish.  The  samples  from 
"Spring  1"  (BB-1)  and  "Spring  4"  (BB-6)  were  overwhelmingly  domi¬ 
nated  by  the  spring-adapted  G.  gaigei. 

Devils  River.— While  the  springs  sampled  had  more  constant 
temperatures  and  lower  pH  levels  than  downstream  waters,  the  stream- 
adapted  Gambusia  speciosa  predominated  in  the  samples.  However, 
there  are  no  specific  spring-adapted  Gambusia  in  this  system,  thus  G. 
speciosa  appears  to  have  expanded  its  distribution  into  these  areas. 

Discussion 

Temperature  variations  found  in  this  study  correlate  well  with  the 
relative  numbers  of  spring-adapted  and  stream- adapted  fish  captures. 
The  variation  in  pH  that  was  found  also  correlated  with  the  relative 
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Table  3.  Percent  relative  fish  abundances  before  and  after  Phantom  Cave  Springs  ceased 
flow  in  October  1999.  Other  species  captured  at  this  locality  ( Dionda  argentosa,  Lepomis 
cyanellus  and  L.  megalotis )  were  only  captured  infrequently  and  their  trace  abundances 
are  not  shown  in  this  table.  See  text  for  station  locations. 


Station  PC-1 

Station  PC-4 

Station  PC-5 

Station  PC-6 

Before 

After 

Before 

After 

Before 

After 

Before 

After 

Astyanax  mexicanus 

2 

0 

2 

7 

5 

9 

2 

1 

Gambusia  geiseri 

62 

75 

58 

29 

38 

45 

91 

83 

Gambusia  nobilis 

32 

12 

36 

20 

55 

43 

2 

1 

Gambusia  affinis 

0 

6 

0 

4 

0 

0 

0.16 

0.19 

Cyprinodon  elegans 

3 

7 

4 

40 

2 

3 

4 

13 

Total  Captures 

13,483 

158 

10,429 

296 

3,465 

1,515 

10,569 

1,066 

numbers  of  spring-  and  stream- adapted  fishes  at  most  of  the  localities. 
pH  appears  to  be  only  a  secondary  contributor  to  the  separations  of  those 
fishes.  Turbidity,  ammonia,  nitrates  and  salinity  averages  and  the 
variability  of  these  measurements  do  not  appear  to  be  correlated  with 
relative  fish  abundance  at  these  sites. 

Springs  are  thermally  stable;  stream  temperatures  often  vary  widely. 
Therefore,  temperature  variation  may  be  the  proximal  factor  driving  the 
separation  of  spring  Gambusia  from  stream  Gambusia  within  each  spring 
system.  The  size  of  the  spring,  and  its  flow,  influences  the  area  of 
thermal  stability  downstream  from  the  spring.  In  recent  times,  spring 
flow  volumes  have  been  reduced  throughout  Texas  (Brune  1981),  thus, 
reducing  the  numbers  and  area  occupied  of  spring  endemic  fishes 
including  many  that  are  endangered.  The  pH  of  the  water  was  found  to 
be  of  only  secondary  importance  to  thermal  stability.  Although  pH 
generally  was  higher  in  stations  downstream  from  the  springs,  pH 
readings  were  influenced  by  the  time  of  day  that  the  measurements  were 
taken  due  to  the  influence  of  plant  photosynthesis  and  respiration. 
About  half  of  the  pH  variation  found  in  this  study  appeared  due  to  the 
inflow  of  low  pH  spring  water  during  the  night. 

The  association  of  spring  fish  abundances  with  spring  flow  volumes 
indicates  the  importance  of  sufficient  spring  flows  to  the  well-being  of 
Texas  ecosystems.  In  times  of  drought,  spring  discharges  make  a  major 
contribution  to  the  fresh  water  inflows  into  Texas  bays  and  estuaries. 
Low  flows,  in  turn,  have  major  negative  impacts  on  the  abundance  of 
crabs,  shrimp,  and  coastal  fishes  that  are  the  basis  of  the  commercial 
and  recreational  fisheries  industries  along  the  Texas  coast.  For  these 
reasons,  continued  spring  flows  are  integral  to  the  support  of  the  Texas 
economy. 
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FOODS  OF  THE  SMALLEYE  SHINER  AND  SHARPNOSE  SHINER 
IN  THE  UPPER  BRAZOS  RIVER,  TEXAS 

Derek  E.  Marks,  Gene  R.  Wilde,  Kenneth  G.  Ostrand 
and  Phillip  J.  Zwank 

Wildlife  and  Fisheries  Management  Institute,  Mail  Stop  2125 
Texas  Tech  University,  Lubbock,  Texas  79409 

Abstract.— Digestive  tract  contents  from  486  smalleye  shiner  Notropis  buccula  and  475 
sharpnose  shiner  N.  oxyrhynchus  collected  from  the  upper  Brazos  River,  Texas,  during 
January  through  December  1998  were  examined.  Both  species  are  generalist  feeders,  with 
terrestrial  and  aquatic  invertebrates  representing  38  and  71%,  respectively,  by  weight,  of  the 
diet.  Detritus,  plant  materials  and  sand-silt  represented  15,  5  and  42%,  respectively,  of  the 
smalleye  shiner  diet  and  4,  7  and  18%,  respectively,  of  the  sharpnose  shiner  diet. 


The  smalleye  shiner  Notropis  buccula  and  sharpnose  shiner  N. 
oxyrhynchus  historically  were  widespread  throughout  the  Double 
Mountain  and  Salt  forks  of  the  upper  Brazos  River,  as  well  as  in  the 
middle  and  lower  mainstem  Brazos  River  (Cross  1953;  Hubbs  et  al. 
1991).  The  sharpnose  shiner  also  occurred  in  the  South  Wichita  River, 
Texas  (Cross  et  al.  1986),  but  has  not  been  collected  there  since  the 
1950s  (Moss  &  Mayes  1993).  The  distribution  and  abundance  of  both 
species  in  the  Brazos  River  has  decreased  since  the  1950s.  The  smalleye 
shiner  is  now  restricted  to  the  Brazos  River  upstream  from  Possum 
Kingdom  Reservoir,  where  it  represents  17%  of  the  fish  assemblage 
(Ostrand  2000).  The  sharpnose  shiner  remains  common  in  the  Brazos 
River  upstream  from  Possum  Kingdom  Reservoir,  where  it  represents 
8%  of  the  assemblage  (Ostrand  2000),  but  also  occurs  in  low  abundance 
(<  1  %)  in  the  lower  Brazos  River  (Moss  &  Mayes  1993).  Changes  in 
the  distribution  and  abundance  of  smalleye  shiner  and  sharpnose  shiner 
presumably  are  related  to  anthropogenic  modifications  of  the  Brazos 
River,  which  is  among  the  most  modified  rivers  in  Texas  (Anderson  et 
al.  1983;  1995;  Hubbs  et  al.  1997;  Wilde  &  Ostrand  1999).  Because  of 
changes  in  distribution  and  abundance  of  the  smalleye  shiner  and 
sharpnose  shiner  and  plans  for  continued  development  of  water  resources 
in  the  Brazos  River  (Texas  Water  Development  Board  1990),  Moss  & 
Mayes  (1993)  suggested  that  both  warranted  protection  as  threatened 
species. 

Little  is  known  of  the  life  history  of  the  smalleye  shiner  or  sharpnose 
shiner  and,  in  particular,  there  is  no  published  account  of  the  diet  of 
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either  species.  This  paper  provides  a  description  of  the  diet  of  the 
smalleye  shiner  and  sharpnose  shiner  in  the  upper  Brazos  River,  Texas, 
during  January  through  December  1998. 

Methods  and  Materials 

Smalleye  shiner  and  sharpnose  shiner  were  collected  from  the  Salt 
Fork  of  the  Brazos  River,  at  the  US  Highway  380  crossing,  Kent 
County,  from  16  January  through  3  June.  After  this  date,  both  species 
could  no  longer  be  collected  at  this  site  because  of  an  extended  drought. 
Fish  were  collected  from  the  Double  Mountain  Fork  of  the  Brazos 
River,  State  Highway  70  crossing  (Fisher  County)  on  16  June,  and  from 
the  Brazos  River  at  the  Highway  State  222  crossing  (Knox  County)  from 
1  July  through  4  August,  and  at  the  Farm-to-Market  Road  267  crossing 
(Knox  County)  from  17  August  through  12  December.  A  brief  descrip¬ 
tion  of  the  upper  Brazos  River  is  provided  by  Ostrand  (2000). 

Fish  were  collected  monthly  from  January  through  December  1998, 
except  during  the  reproductive  season  (May  through  August)  when 
collections  were  made  twice  each  month.  Collections  were  made  with 
a  1.5  by  3.6  m  seine  with  6.4  mm  mesh.  Fish  were  euthanized  with 
MS-222  to  prevent  regurgitation  of  digestive  tract  contents  (Mendelson 
1975)  and  then  were  preserved  in  10%  formalin.  An  attempt  was  made 
to  collect  at  least  30  specimens  each  of  smalleye  shiner  and  sharpnose 
shiner  on  each  sampling  date. 

In  the  laboratory,  the  entire  digestive  tract  was  removed  from  each 
fish  and  the  contents  of  the  anterior  third  of  the  digestive  tract  were 
examined  following  methods  described  in  Heins  &  Clemmer  (1975)  and 
Johnson  &  Dropkin  (1991).  Whenever  possible,  invertebrate  prey  items 
were  identified  to  the  lowest  taxon,  usually  family  or  order;  however, 
because  of  extensive  maceration  by  the  pharyngeal  teeth,  many  prey 
items  could  not  be  identified.  Particulate  organic  matter  and  amorphous 
organic  matter  were  combined  as  "detritus".  Food  items  were  identified 
and  enumerated  using  a  dissecting  microscope.  For  each  fish,  all  items 
of  each  food  type  were  weighed  collectively  to  the  nearest  0.0001  g. 

Results 

Contents  of  the  digestive  tracts  of  486  smalleye  shiner  and  475 
sharpnose  shiner  were  examined.  Fifty-four  percent  of  smalleye  shiners 
and  61%  of  sharpnose  shiners  had  food  in  their  digestive  tracts.  The 
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Figure  1 .  Frequency  (%)  of  empty  digestive  tracts  in  smalleye  shiners  and  sharpnose  shiners 
collected  from  the  upper  Brazos  River,  Texas,  during  January  through  December  1998. 


frequency  of  empty  digestive  tracts  varied  from  9  to  77%  in  smalleye 
shiners  and  0  to  90%  in  sharpnose  shiners,  averaging  63%  in  both 
species  during  July  through  December  when  fish  were  confined  to  pools 
as  a  result  of  drought  (Fig.  1). 

Diptera  (including  Chironomidae  and  Ceratopogonidae)  were  common 
in  the  diet  of  smalleye  shiner  from  January  through  June,  when  they 
contributed  37%,  by  weight,  of  the  diet  (Table  1).  Dipterans  then  were 
absent  until  December,  when  they  represented  6%  of  the  diet.  Across 
all  samples,  Diptera  represented  from  0  to  99%  (mean  =  17%  across 
all  samples)  of  the  smalleye  shiner  diet.  Miscellaneous  aquatic  inverte¬ 
brates  (Ostracoda  and  Trichoptera),  aquatic  and  terrestrial  Coleoptera, 
and  Corixidae  occurred  infrequently  in  the  diet  and  collectively  repre¬ 
sented  0  to  17%  (mean  =  2%)  of  the  diet.  Hymenoptera  (wasps  and 
ants)  and  miscellaneous  terrestrial  invertebrates  (Orthoptera  and  Arach- 
nida)  collectively  represented  0.3  to  30%  (mean  =  6%)  of  the  smalleye 
shiner  diet  and  were  fed  on  from  January  through  August.  Collectively, 
invertebrate  foods  (including  unidentified  insects)  contributed  38%  by 
weight  of  the  diet.  Unidentified  fish  occurred  in  the  diet  of  smalleye 
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shiner  in  May,  June,  and  August  and,  averaged  across  all  samples, 
represented  2%  of  the  diet. 

The  diet  of  the  smalleye  shiner  contained  a  high  proportion  of  detritus 
(mean  =  14%,  by  weight)  and  sand-silt  (mean  =  42%).  Sand-silt 
represented  28  to  100%  (mean  —  66%)  of  the  diet  from  July  through 
December.  Plant  materials  contributed  from  0  to  35%  (mean  =  5%), 
by  weight,  of  the  digestive  tract  contents  and  were  most  commonly 
consumed  during  April  through  September. 

Diptera  (including  Chironomidae  and  Ceratopogonidae)  were  common 
in  the  diet  of  sharpnose  shiner  from  January  through  June,  when  they 
contributed  35  % ,  by  weight,  of  the  diet  (Table  2).  Dipterans  then  were 
absent  until  November  and  December,  when  they  represented  1  to  20% 
of  the  diet.  Across  all  samples,  dipterans  represented  from  0  to  91% 
(mean  =  19%)  of  the  sharpnose  shiner  diet.  Miscellaneous  aquatic 
invertebrates  (Ostracoda,  Trichoptera  and  Odonata),  aquatic  and 
terrestrial  Coleoptera,  and  Corixidae  occurred  in  the  diet  primarily 
during  January  through  June  and  collectively  represented  0  to  54% 
(mean  =  9%)  of  the  diet  across  all  samples.  Hymenoptera  (wasps  and 
ants)  and  miscellaneous  terrestrial  invertebrates  (Orthoptera  and 
Arachnida)  collectively  represented  0  to  33%  (mean  =  10%)  of  the 
sharpnose  shiner  diet  and  were  fed  on  from  January  through  July. 
Collectively,  invertebrate  foods  (including  unidentified  insects) 
contributed  71%  by  weight  of  the  diet. 

The  diet  of  the  sharpnose  shiner  contained  a  high  proportion  of 
sand-silt  (mean  =  18%  across  all  samples),  especially  during  July 
through  December  (0  to  66%,  mean  =  33%).  Detritus  contributed 
relatively  little  to  the  diet,  representing  from  0  to  25%  (mean  =  4%), 
by  weight,  of  the  diet.  Plant  materials  contributed  from  0  to  41  %  (mean 
=  7%)  of  the  diet  and  were  most  commonly  consumed  during  May 
through  July. 


Discussion 

The  smalleye  shiner  and  sharpnose  shiner  are  generalist  feeders,  with 
invertebrates  (mostly  insects,  but  also  including  Ostracoda,  Arachnida, 
and  some  fish  parts)  representing  38  and  71%,  respectively,  of  their 
diets.  The  Brazos  River  is  a  relatively  turbid  stream  (mean  turbidity 
ranging  from  22  to  262  nephelometric  turbidity  units  among  sites; 
Ostrand  2000)  and  both  the  smalleye  shiner  and  sharpnose  shiner  likely 


332 


THE  TEXAS  JOURNAL  OF  SCIENCE-VOL.  53,  NO.  4,  2001 


possess  morphological  adaptations  for  detecting  invertebrate  prey  in  such 
turbid  waters  (e.g.,  Huber  &  Rhylander  1992).  Although  neither 
species  possesses  morphological  adaptations,  such  as  an  elongated 
intestine  or  black  peritoneum,  that  are  commonly  associated  with 
herbivory  in  fishes  (Cross  &  Collins  1995),  both  had  high  proportions 
of  detritus  and  plant  materials  in  their  diets.  Insectivorous  cyprinids 
commonly  feed  facultatively  on  detritus  and  plant  materials  during 
periods  of  low  insect  availability  (Starrett  1950;  Hoyt  1970;  Davis  & 
Louder  1971;  McNeely  1987;  Whitaker  1977;  Wilde  et  al.  2001).  The 
nutritional  value  of  detritus  and  plant  materials  is  uncertain  (Davis  & 
Louder  1971;  Whitaker  1977),  but  may  be  greater  than  generally  be¬ 
lieved  (e.g.,  Ahlgren  1990). 

The  prevalence  of  sand-silt  in  the  diets  of  smalleye  shiner  and 
sharpnose  shiner  suggests  that  both  species  forage  among  sediments  on 
the  river  bottom  (e.g.,  Davis  &  Louder  1971;  Heins  &  Clemmer  1975). 
This  foraging  behavior  was  most  prevalent  during  July  through  Decem¬ 
ber  when  fish  were  confined  to  pools  as  a  result  of  extended  drought. 
The  greater  presence  of  Corixidae  and  terrestrial  insects  such  as 
Coleoptera  and  Hymenoptera  in  the  diet  of  the  sharpnose  shiner  (18%, 
by  weight)  than  in  the  diet  of  the  smalleye  shiner  (8%)  suggests  that  the 
sharpnose  shiner  feeds  more  frequently  in  the  water  column  on  drifting 
invertebrates  (e.g.,  Johnson  &  Dropkin  1991). 

Quality  and  quantity  of  the  diet  of  bottom  feeding  fishes  is  related  to 
the  availability  of  aquatic  invertebrates,  whereas  drift- feeding  fishes  are 
more  flexible  in  their  diets  (Mendelson  1975).  This  dietary  flexibility 
may  explain  the  less  frequent  occurrence  of  empty  digestive  tracts  in 
sharpnose  shiner  (39%)  compared  with  smalleye  shiner  (46%)  and  the 
much  greater  proportion  (2x)  of  invertebrates  in  the  sharpnose  shiner 
diet. 

As  a  result  of  drought,  the  upper  Brazos  River  comprised  a  series  of 
isolated  pools,  from  July  through  December,  to  which  fish  were 
restricted.  During  this  period,  detritus,  plant  materials  and  sand-silt 
dominated  the  diet  of  both  the  smalleye  shiner  (79%,  by  weight)  and 
sharpnose  shiner  (47  % ,  by  weight)  and  63  %  of  digestive  tracts  in  both 
species  examined  were  empty.  Hoyt  (1970)  and  Wilde  et  al.  (2001) 
reported  similar  increases  in  the  incidence  of  detritus  and  sediments  in 
diet  of  insectivorous  minnows  during  periods  of  drought  when  fish  were 
restricted  to  pools  and  other  food  resources  were  depleted. 
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ASSESSMENT  OF  WASTEWATER  EFFLUENT 
ESTROGENICITY  IN  NORTH  CENTRAL  TEXAS  USING  THE 
VITELLOGENIN  BIOMARKER  IN  MALE  FATHEAD  MINNOWS 
(. PIMEPHALES  PROMELAS  RAFINESQUE) 

Jon  M.  Hemming,  William  T.  Waller  and  Larry  P.  Ammann* 

Institute  of  Applied  Science,  P.O.  Box  310559 
University  of  North  Texas,  Denton,  Texas  76203-0559 
* University  of  Texas  at  Dallas,  Richardson,  Texas  775083-0688 

Abstract. — Vitellogenin  is  a  frequently  used  biomarker  in  fish  models  to  assess 
estrogenicity.  Male  fathead  minnows,  Pimephales  promelas,  were  exposed  to  undiluted 
wastewater  effluent  for  one,  two  or  three  weeks.  Vitellogenin  induction  in  male  P.  promelas 
increased  in  frequency  and  magnitude  with  increased  exposure  duration.  Vitellogenin 
concentrations  were  significantly  greater  (a =0.05)  than  controls  after  two  and  three  weeks 
of  exposure,  but  not  after  one  week.  The  level  of  vitellogenesis  induced  by  these  effluent 
exposures  was  high  compared  to  similar  studies  of  wastewater  receiving  systems  in  the 
United  States  and  United  Kingdom.  The  receiving  ecosystem  may  show  similar  estrogenic 
activity  because  dilution  typically  found  in  streams  of  the  southwestern  United  States  is  low. 
Results  of  this  study  are  preliminary  and  are  intended  to  better  define  necessary  testing 
parameters  to  assess  the  utility  of  a  constructed  wetland  system  for  reduction  or  removal  of 
wastewater  effluent  estrogenicity. 


The  egg  yolk  protein  precursor,  vitellogenin  (VTG),  has  been  used  as 
a  biological  indicator  for  xenoestrogens  with  fish  models  (Garcia  et  al. 
1997;  Sumpter  1995;  Heppell  et  al.  1995;  Sumpter  &  Jobling  1995; 
Pelissero  et  al.  1993).  Under  natural  conditions,  only  mature  female 
fish  produce  vitellogenin.  Estrogen  is  secreted  from  the  ovaries  of  a 
mature  female  ready  for  spawning  and  flows  through  the  blood  stream 
to  the  liver.  When  estrogen  reaches  the  liver,  it  reacts  with  cytoplasmic 
steroid  receptors  in  liver  cells  that  trigger  the  release  of  VTG,  which 
then  travels  back  through  the  bloodstream  to  the  ovary  where  it  is 
phagocytosed  by  the  ova  and  is  transformed  into  yolk  proteins  (Muir  & 
Roberts  1988).  However,  both  male  and  juvenile  fish  also  secrete  VTG 
from  their  livers  if  estrogen  is  provided  exogenously.  Circulating 
plasma  concentrations  of  VTG  in  males  and  juvenile  fish  or  elevated 
VTG  levels  in  mature  females  is  an  indication  of  xenoestrogens  in  the 
aquatic  environment.  Plasma  vitellogenin  concentrations  increase  by 
approximately  a  mill  ion- fold  during  the  egg  forming  portion  of  the 
reproductive  cycle.  The  enormous  range  of  potential  vitellogenin 
concentrations  provides  a  biomarker  which  is  very  sensitive  to  estrogenic 
exposure  in  fish  (Sumpter  &  Jobling  1995). 
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The  approach  described  above  has  enjoyed  noted  success  and  was 
declared  as  the  "universal  assay  of  vitellogenin  as  a  biomarker  for 
environmental  estrogens"  (Heppell  et  al.  1995).  This  approach  was  used 
to  examine  elevated  hermaphroditism  (intersex)  occurrences  associated 
with  sewage  treatment  works  effluent  in  the  United  Kingdom  (Sumpter 
&  Jobling  1995).  Caged  male  trout  were  placed  in  100%  effluent  and 
a  300  fold  increase  in  plasma  VTG  concentration  was  observed  in  one 
week.  The  increase  presumably  resulted  from  an  estrogenic  chemical 
or,  more  likely,  from  a  mixture  of  chemicals.  The  response  was 
observed  at  all  fifteen  sewage  treatment  works  sites  (100%  of  sites  tested 
where  fish  survived).  Sumpter  (1995)  stated  "the  effluent  from  all 
sewage  treatment  works  tested  has  been  strongly  estrogenic  to  fish. "  He 
reported  that  the  sewage  treatment  works  were  of  different  types  and 
received  input  of  varying  composition  primarily  consisting  of  domestic 
influent.  It  was  further  stated  that  because  all  effluents  proved 
estrogenic,  the  larger  domestic  portion  consistent  in  all  effluents  tested 
was  the  most  probable  source  of  the  estrogenicity  in  that  locality. 

Recent  reports  in  the  United  States  have  shown  less  conclusive 
evidence  for  estrogenic  responses  from  fathead  minnows  and  goldfish 
exposed  to  wastewater  effluent  constituents  (Giesy  et  al.  1997;  Nichols 
et  al.  1999).  These  researchers  suggest  that  differences  in  wastewater 
treatment  or  effluent  dilution  between  the  United  States  and  the  United 
Kingdom  may  be  the  cause  of  the  apparent  difference  in  effluent 
estrogenicity.  However,  the  amount  of  VTG  per  mL  male  plasma  was 
similar  in  both  US  and  UK  effluent  studies  (Nichols  et  al.  1999;  Harries 
et  al.  1997).  In  the  US  research,  fish  exposure  to  wastewater  outfalls 
around  the  Michigan  Great  Lakes  area  resulted  in  male  VTG  levels  an 
order  of  magnitude  higher  at  some  sites  compared  to  field  reference 
sites.  Moreover,  the  two  reference  sites  were  somewhat  different  in  the 
background  VTG  measured.  The  source  pond  where  fish  were  collected 
was  the  reference  site  with  higher  VTG  levels  in  male  fish  compared  to 
the  second  reference  site.  VTG  level  actually  decreased  during  a  three 
week  exposure  to  the  second  reference  site  after  the  fish  were  trans¬ 
planted  from  the  source  pond  to  the  second  reference  site.  This  suggests 
some  unexpected  sources  of  estrogenic  exposure  or  high  variability  in 
background  VTG  levels  in  male  Pimephales  promelas.  Vitellogenin 
responses  in  fish  exposed  to  Las  Vegas,  Nevada  wastewater  effluent  was 
attributed  to  anthropogenic  sources  of  estradiol  and  the  synthetic 
estrogen,  ethinyl  estradiol  (active  ingredient  in  female  oral  contracep¬ 
tives).  Sumpter  &  Jobling  (1995)  assessed  the  contribution  of  ethinyl 
estradiol  to  wastewater  effluents  estrogenicity.  Widely  used  as  an  oral 
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contraceptive,  ethinyl  estradiol  is  excreted  by  women  almost  exclusively 
in  conjugated  forms  considered  to  be  biologically  inactive.  Sumpter  & 
Jobling  (1995)  observed  the  conjugated  forms  (ethinylestradiol  glucuro- 
nide  and  sulfate)  to  be  inactive  as  an  estrogen  in  trout. 

With  reports  of  the  potential  risk  of  exposure  to  environmental 
estrogens,  the  need  to  determine  the  presence  and  persistence  of 
estrogenicity  in  wastewater  treatment  effluents  becomes  evident. 
Effluent  estrogenicity  alone  does  not  cause  as  much  concern  as  would 
a  persistent  estrogenicity  that  may  return  to  a  drinking  water  supply. 
This  potential  was  examined  in  rivers  and  reservoirs  in  the  UK  where 
they  found  reduced  estrogenicity  downstream  from  the  wastewater  out¬ 
fall  and  no  estrogenicity  in  reservoirs  receiving  these  waters  (Sumpter 
&  Jobling  1995).  However,  recent  research  in  the  UK  indicates  in¬ 
creased  VTG  levels  in  male  winter  flounder  not  only  in  estuaries  which 
received  treated  sewage  effluent,  but  also  along  and  away  from  the 
coastline  (Allen  et  al.  1999). 

This  study  was  designed  to  quantify  xenoestrogen  presence  in  a  US 
wastewater  effluent.  Further,  this  study  was  designed  to  provide 
information  about  the  relationship  between  exposure  duration  and 
estrogenic  response. 


Materials  and  Methods 

Twenty  mature,  male  fathead  minnows,  P.  promelas,  were  exposed 
to  an  undiluted  wastewater  effluent.  Ten  more  fish  were  exposed  to 
control  conditions  for  three  weeks.  Pimep hales  promelas  exposed  to 
effluent  were  caged  and  placed  in  a  constructed  wetland  at  the  inflow  of 
final  effluent  from  the  Pecan  Creek  Water  Reclaimation  Plant  in  Denton, 
Texas.  Subsamples  of  five  fish  were  taken  weekly  for  three  weeks. 
Control  exposure  was  performed  in  the  University  of  North  Texas’ 
Aquatic  Toxicology  Laboratory  in  a  72L  aquarium  containing  reconsti¬ 
tuted  hard  water  (USEPA  1989). 

After  each  week,  a  five  fish  subsample  was  sacrificed  by  severing  the 
head  after  blood  samples  were  collected  (modification  of  methods  used 
by  Allen  et  al.  1999).  Blood  samples  were  taken  from  control  fish  at 
three  weeks.  Samples  were  collected  by  severing  the  caudal  peduncle 
with  a  razor  and  collecting  blood  with  a  heparinized  hematocrit  tube. 
Blood  samples  were  centrifuged  for  three  minutes  at  3,000  RPM.  After 
centrifugation,  eluted  plasma  was  removed  from  the  hematocrit  tubes 
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with  a  Hamilton  syringe  and  injected  into  aprotinin  plated  1.5  mL 
Eppendorf  tubes.  Plasma  samples  were  immediately  placed  on  dry  ice 
and  shipped  to  the  University  of  Florida  Protein  Chemistry  Research 
Laboratory  for  plasma  vitellogenin  quantification  within  24  hours  of 
collection. 

Eppendorf  tubes  were  plated  with  a  10  /xL  diluted  working  solution 
of  0.9%  NaCl,  0.9%  benzyl  alcohol  with  3  mg/mL  aprotinin  (10X 
solution).  The  working  solution  was  prepared  by  diluting  10  /xL  of  the 
3  mg/mL  solution  to  1  mL  with  distilled  water.  Eppendorf  tubes  con¬ 
taining  10  /xL  of  working  solution  were  then  vortexed  to  coat  the  tube 
and  then  allowed  to  dry.  Eppendorf  tubes  were  refrigerated  after  drying 
until  the  plasma  was  added. 

An  additional  600  /xL  of  plasma  was  collected  from  25-30  P. 
promelas  exposed  in  the  laboratory  to  a  daily  renewed  solution  of  1 ,000 
ng/L  estradiol  with  triethylene  glycol  as  the  carrier.  Plasma  was 
collected  five  days  after  treatment  and  used  to  provide  a  source  of 
purified  vitellogenin  for  standards  and  control  comparisons. 

Collected  plasma  was  quantified  for  vitellogenin  using  a  sandwiched 
enzyme  linked  immunosorbant  assay  (ELISA)  as  described  by  Denslow 
et  al.  (1999).  The  sandwiched  ELISA  requires  plating  monoclonal 
antibodies  to  carp  vitellogenin  on  microwell  plates  to  which  sample 
vitellogenin  binds.  Following  the  initial  sample  monoclonal  antibody 
binding,  polyclonal  antibodies  and  enzyme  linked  detection  bodies  are 
exposed  to  the  sample  (pers.  comm.  Nancy  Denslow,  University  of 
Florida  Protein  Chemistry  Research  Laboratory).  Competitive  binding 
between  sample  vitellogenin  and  enzyme  linked  detection  bodies  deter¬ 
mines  the  sample  vitellogenin  content  (Denslow  et  al.  1999). 

The  minimum  detection  limit  for  the  preliminary  assay  was  3,000 
ng/mL  plasma  vitellogenin.  Concentrations  below  that  limit  were 
reported  as  non-detects  (ND).  In  statistical  analysis  of  these  data, 
non-detects  were  referred  to  as  censored  observations,  specifically 
left-censored  in  this  case.  Statistical  analysis  assumed  that  the  data 
followed  a  log  normal  distribution  and  were  left-censored  at  3,000  ng/L 
vitellogenin.  The  analysis  is  based  on  a  likelihood  ratio  test  using 
methods  described  in  Meeker  &  Duke  (1981)  and  was  implemented  by 
the  S-Plus  function  "censorReg"  (Splus  2000). 
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Table  1 .  Measured  plasma  VTG  concentrations  (ng/mL)  in  individual  Pimephales  promelas 
plasma  samples  after  exposure  to  final  whole  wastewater  effluent  August  1998. 


One  Week 

Two  Weeks 

Three  Weeks 

RHW  Control 

15,000 

ND 

55,000 

ND 

19,000 

21,000 

40,000 

ND 

ND 

48,000 

22,000 

ND 

ND 

31,000 

3,000 

ND 

ND 

ND 

7,000 

ND 

Mean  6,800 

Mean  20,000 

Mean 

25,400 

Mean  ND 

CV%  138.5 

CV%  103.3 

CV% 

86.7 

CV%  ND 

ND  =  Not  detectable  at  a  detection  limit  of  3, OCX)  ng/mL. 
CV%  =  Coefficient  of  variation  as  percent. 


Results 

Analysis  of  fish  plasma  showed  elevated  vitellogenin  (VTG)  concen¬ 
trations  relative  to  control  samples  (Table  1).  Plasma  VTG  concentra¬ 
tions  increased  with  increased  duration  of  exposure  with  mean  concen¬ 
trations  of  6,800,  20,000  and  25,400  ng/mL  VTG  measured  for  one, 
two  and  three  weeks  of  exposure  respectively  (Figure  1).  Control 
plasma  showed  no  measurable  VTG  levels.  Several  plasma  samples 
from  the  one  and  two  week  exposures  to  whole  effluent  also  showed  no 
measurable  VTG  levels.  There  may  have  been  some  background  levels 
of  VTG  in  control  fish  plasma  and  plasma  samples  for  one  and  two 
weeks  of  exposure  that  were  not  detected  by  the  ELISA  analysis 
performed. 

Statistical  analysis  assumed  the  data  to  be  in  a  log  normal  distribution 
and  left  censored  at  3,000  ng/L  vitellogenin.  Plasma  vitellogenin 
concentrations  in  laboratory  exposed  control  fish  were  not  different  from 
fish  exposed  for  one  week  (Bonferroni-adjusted  P- value,  0.17).  How¬ 
ever,  control  fish  had  statistically  less  plasma  VTG  (a  —  0.05)  than  fish 
exposed  for  two  weeks  (Bonferroni-adjusted  P- value,  0.033)  and  three 
weeks  (Bonferroni-adjusted  P- value,  0.001). 

Discussion 

Pimephales  promelas  blood  plasma  increased  in  VTG  concentration 
after  exposure  to  final  wastewater  effluent.  Increases  in  plasma  VTG 
concentration  to  levels  less  than  3,000  ng/mL  were  not  detected  with  the 
sensitivity  of  this  initial  quantification  assay.  However,  it  is  possible 
that  both  background  and  exposure  samples  possessed  VTG  concentra¬ 
tions  below  detection.  As  more  sensitive  assays  were  used  to  measure 
VTG  levels,  degradation  of  plasma  proteins  from  repeated  freeze-thaw 
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Figure  1 .  Mean  plasma  vitellogenin  concentrations  (ng/mL)  in  male  fathead  minnows  (P. 
promelas)  exposed  to  final  wastewater  effluent  (100%),  August  1998. 


process  did  not  allow  a  more  accurate  VTG  quantification  (pers.  comm. 
Marjorie  Chow,  University  of  Florida  Protein  Chemistry  Research 
Laboratory). 

Plasma  vitellogenin  concentrations  in  laboratory  exposed  control  fish 
were  not  less  than  that  in  fish  exposed  for  one  week,  but  were  statistical¬ 
ly  less  than  fish  exposed  for  two  weeks  and  highly  significantly  less  than 
fish  exposed  for  three  weeks.  The  results  presented  suggest  that  vitello¬ 
genin  as  a  biomarker  measured  in  male  P.  promelas  to  assess  the 
effluent  estrogenicity  is  different  in  occurrence  and  strength  with 
increasing  exposure  time  (Figure  1).  As  detection  limits  for  vitellogenin 
in  male  fatheads  minnows  are  decreased  the  dose  response  relation  may 
be  better  understood. 

VTG  concentrations  measured  in  plasma  samples  were  similar  to 
those  found  in  other  wastewater  effluent  evaluations  in  Europe  and  the 
United  States.  For  example,  Harries  et  al.  (1997)  exposed  male  rainbow 
trout  (Oncorhynchus  my  kiss)  in  cages  up  and  down  stream  of  outfalls  for 
three  weeks.  Plasma  VTG  concentrations  were  measured  before  and 
after  exposure.  Plasma  VTG  concentrations  ranged  from  1  to  10  ng/mL 
prior  to  exposure  and  increased  to  1,000  to  50,000  ng/mL  after 
exposure.  The  highest  VTG  concentrations  were  measured  in  fish 
exposed  near  the  outfall  and  decreased  downstream. 
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Allen  et  al.  (1999)  reported  increased  VTG  levels  in  male  flounder 
( Platichthys  flesus )  in  estuaries  that  receive  wastewater  effluent  in 
Europe.  Plasma  VTG  concentrations  at  reference  sites  (assumed  to  have 
little  or  no  wastewater  effluent  influx)  ranged  from  5  to  50  ng/mL. 
However,  sites  that  received  wastewater  effluent  from  known  sources 
showed  significant  differences  (a  =  0.05)  in  plasma  VTG  ranging  from 
1,000  to  10xl06  ng/mL.  They  also  reported  elevated  VTG  levels  in 
male  flounder  caught  in  coastal  waters  adjacent  to  these  estuaries. 

Another  study  performed  by  Nichols  et  al.  (1999)  examined  rivers  in 
central  Michigan  that  receive  wastewater  treatment  plant  effluent.  Caged 
fathead  minnows  ( P .  promelas)  were  placed  in  effluent-receiving  rivers 
for  three  weeks.  Background  samples  were  provided  from  two  refer¬ 
ence  sites.  Male  fish  from  reference  sites  had  mean  plasma  VTG 
concentrations  190  and  783  ng/mL.  These  levels  were  one  to  two 
orders  of  magnitude  higher  than  male  background  levels  measured  in 
species  used  for  the  previous  two  studies  (Harris  et  al.  1997;  Allen  et  al. 
1999)  possibly  reflecting  higher  background  VTG  concentrations  in  P. 
promelas.  Mean  VTG  concentrations  were  1,089,  3,240  and  5,859 
ng/mL  in  fish  caught  at  the  reference  stations  but  exposed  for  three 
weeks  at  different  sites. 

In  this  study,  background  levels  (as  measured  by  controls)  of  VTG 
were  below  detection  limits  (3,000  ng/mL).  The  temporal  exposures  did 
show  high  variability  (Table  1,  Coefficient  of  variation  range  86.7  - 
138.5%  of  the  mean)  and  some  lower  levels  of  VTG  were  likely  below 
detection.  However,  the  high  levels  measured  indicate  induction  of 
vitellogenesis  in  male  fish.  This  process  is  reserved  to  mature  female 
fish  under  the  influence  of  estrogen  secreted  from  the  ovaries.  When 
male  fish  are  induced  to  produce  high  levels  of  VTG,  it  is  in  response 
to  factors  outside  the  fish  (Sumpter  1995). 

In  this  pilot  study,  VTG  concentration  had  a  large  variance  because 
of  differences  in  the  occurrence  and  level  of  induction  of  vitellogenesis 
and  low  sample  size.  However,  it  is  evident  that  statistically  significant 
increases  in  plasma  VTG  in  male  fish  did  occur.  Male  fathead  minnow 
responses  were  an  order  of  magnitude  greater  in  wastewater  effluent  in 
this  study  than  in  the  study  performed  in  Michigan  and  well  within  the 
range  of  responses  found  in  Europe.  In  Michigan,  fish  were  caged  at 
sites  downstream  from  wastewater  treatment  facilities  in  receiving  rivers 
and  effluent  was  diluted  well  below  100% ,  possibly  causing  the  response 
differences.  The  implication  of  such  exposures  has  been  discussed  in  the 


342 


THE  TEXAS  JOURNAL  OF  SCIENCE-VOL.  53,  NO.  4,  2001 


context  of  numerous  wildlife  losses  and  impairments  (Carey  &  Bryant 
1995;  De  Guise  et  al.  1995;  Facemire  et  al.  1995;  Fry  1995;  Guillette 
et  al.  1995;  Raloff  1995;  Sumpter  1995;  Hayes  et  al.  1997;  Janz  & 
Bellward  1997).  The  impact  on  humans,  although  heavily  debated,  has 
led  to  legislation  mandating  development  of  screening  and  testing 
protocols  which  are  in  the  process  of  being  implemented  (Food  Quality 
Protection  Act  1996;  Reauthorization  of  the  Safe  Drinking  Water  Act 
1996).  The  status  of  water  reclamation  in  many  areas  of  the  western 
United  States  may  require  greater  attention  be  paid  to  evidence  of 
increased  estrogenic  exposures  because  the  dilution  factor  is  often  much 
less  than  in  other  areas  evaluated  such  as  Michigan  and  Europe. 

These  preliminary  study  results  are  intended  to  better  define  necessary 
testing  parameters  to  assess  the  utility  of  a  constructed  wetland  system 
for  reduction  or  removal  of  wastewater  effluent  estrogenicity.  The 
effectiveness  of  a  constructed  wetland  is  a  function  of  retention  time, 
vegetation  type,  microbial  activity  and  soil  capacity  to  hold  and/or 
degrade  effluent  constituents  (Gearheart  et  al.  1985;  Gearheart  1992). 
Using  various  wetland  configurations,  sewage  treatment  works  have 
constructed  wetlands  to  reduce  wastewater  effluent  levels  of  many 
contaminants  including  suspended  solids,  phosphorus,  nitrogen,  organic 
carbon,  metals  and  bacteria  such  as  fecal  coliforms  (Gearheart  1992). 
Such  wetlands  have  also  successfully  removed  toxicity  attributed  to 
pesticides  such  as  diazinon  and  chlorpyrifos  (Baerenklau  1996).  It  can, 
therefore,  be  hypothesized  that  wetlands  potentially  reduce  or  remove 
estrogenicity  observed  in  fish  exposed  to  treated  sewage  effluent. 

Conclusions 

Research  presented  here  was  designed  to  determine  presence  or 
absence  of  xenoestrogens  in  wastewater  treatment  plant  effluent  in  the 
southwestern  US  using  vitellogenin  induction  in  male  P.  promelas  as  a 
biomarker.  The  results  show  estrogenic  activity  in  final  wastewater 
effluent  to  be  similar  to  that  found  by  studies  in  Europe  and  somewhat 
higher  than  previously  measured  in  the  United  States.  The  relationship 
between  exposure  duration  and  estrogenic  response  was  also  examined 
and  showed  an  increased  response  with  increased  time  of  exposure. 
These  quantitative  data  provide  rationale  for  supporting  research  on  the 
possible  ecological  consequences  associated  with  chemicals  that  alter 
normal  hormonal  activity. 
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Abstract.— A  numerical  index  to  assess  relative  vulnerability  to  hurricanes  is  developed 
for  Texas  coastal  counties.  The  index  includes  measures  of  both  incidence  and  exposure. 
Incidence  is  measured  by  the  number  of  landfalling  hurricanes  impacting  a  Texas  county  over 
the  past  century.  Exposure  is  quantified  by  both  population  and  property  value  subject  to 
hurricanes.  Analysis  shows  the  Galveston/Houston/Freeport  area  to  be  the  most  hurricane 
vulnerable  region  of  the  state. 


The  population  of  Texas’  coastal  counties  continues  to  grow.  Over 
five  million  people  now  reside  in  17  counties  designated  by  the  Texas 
General  Land  Office  as  coastal.  Included  in  this  designation  are  the 
major  metropolitan  areas  of  Brownsville,  Corpus  Christi  and  Houston/ 
Galveston.  Many  of  these  new  residents  have  never  experienced  a 
major  hurricane.  The  last  major  storm  to  strike  an  urbanized  area  of  the 
state  was  Hurricane  Alicia  which  produced  over  two  billion  dollars  in 
damages  and  21  fatalities  when  it  struck  the  Galveston/Houston  area  in 
August  1983. 

Along  with  increases  in  population  come  increases  in  development  as 
housing,  infrastructure  and  commercial  buildings  propagate.  The  net 
result  of  all  this  development  is  that  the  Texas  coastal  counties  have 
become  more  vulnerable  to  hurricane  damage.  This  paper  attempts  to 
quantify  that  vulnerability.  It  uses  information  on  hurricane  climatology, 
population  and  property  values  to  develop  a  vulnerability  index.  Each 
county  is  assigned  an  index  score.  Because  of  the  way  the  index  is 
created  scores  among  counties  are  relative,  allowing  emergency  services 
managers  to  compare  their  level  of  vulnerability  to  that  of  other  Texas 
coastal  counties. 

Vulnerability  is  based  on  risk  and  exposure  (Pielke  &  Pielke  997). 
Risk  refers  to  the  hazardous  event  under  consideration  and  must  include 
some  measure  of  the  probability  of  occurrence  of  that  event.  Exposure 
refers  to  both  people  and  property  potentially  in  danger  from  the  event. 
To  quantify  the  risk  requires  an  understanding  of  the  magnitude  and 
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frequency  with  which  hurricanes  strike  Texas.  This  can  be  developed 
from  examination  of  weather  records.  The  determination  of  exposure 
involves  many  trade-offs.  Should  the  entire  population  of  a  county  be 
considered  at  risk,  or  only  that  segment  living  within  a  certain  distance 
of  the  shoreline?  Are  particular  segments  of  the  population  such  as  the 
elderly  or  mobility  impaired  more  at  risk  than  the  population  in  general? 
Should  property  be  valued  at  assessed  value  or  replacement  value? 
Should  an  attempt  be  made  to  account  for  the  costs  associated  with 
shutting  down  an  industrial  site  or  the  evacuation  of  coastal  properties? 

Texas  Hurricane  Climatology 

While  the  Gulf  Coastal  zone  has  been  impacted  by  hurricanes  for 
thousands  of  years  (Eisner  et  al.  2000),  reliable  instrumental  records  are 
only  available  from  about  the  start  of  the  20th  Century.  Recent  studies 
of  20th  Century  hurricane  landfalls  indicate  a  small  increase  in  fre¬ 
quency  along  the  East  Coast  of  the  US  (Smith  1999)  but  not  along  the 
Gulf  Coast  (Bove  et  al.  1998).  If  one  assumes  a  relatively  stable  hurri¬ 
cane  frequency  for  the  Texas  coast,  one  can  use  the  climatology  of  20th 
Century  Texas  hurricanes  to  quantify  the  risk  to  the  coast.  A  complete 
listing  of  all  storms  used  in  this  study  is  included  in  Table  1. 

Hurricane  intensity  is  measured  using  the  Saffir-Simpson  Scale. 
Storms  are  classified  into  five  categories  based  on  sustained  winds. 
Category  1  hurricanes  have  winds  between  74  and  95  MPH  and  usually 
produce  minimal  damage,  while  Category  2  storms  produce  moderate 
damage  with  winds  of  96  to  110  MPH.  Major  hurricanes  are  those 
classified  as  Category  3  or  higher.  Category  3  storms  have  winds  of 
111  to  130  MPH.  Category  4  storms  have  winds  of  131  to  155  MPH. 
Each  of  these  are  capable  of  producing  extensive  to  extreme  damage. 
Catastrophic  hurricanes  with  winds  over  155  MPH  are  classified  as 
Category  5. 

Thirty- six  hurricanes  (Table  1)  made  landfall  in  Texas  during  the  20th 
Century  starting  with  the  Category  4  Great  Galveston  Hurricane  of  1900 
through  Hurricane  Brett  in  1999.  Sixteen  of  those  were  major  hurri¬ 
canes.  Only  two  Category  5  storms  have  made  US  landfall  during  the 
timeframe  of  the  study:  Hurricane  Camille,  which  struck  Mississippi  in 
1969  and  the  Great  Florida  Keys  Hurricane  of  1935.  However,  the  Gulf 
Coast  of  Mexico  has  been  struck  by  two  Category  5  hurricanes  in  the 
study  timeframe  (Janet  1955;  Gilbert  1988). 

To  construct  the  hurricane  risk  portion  of  the  vulnerability  index,  each 
county  which  is  impacted  by  hurricane  force  winds  from  a  particular 
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Table  1 .  Twentieth  Century  Texas  Hurricanes 


Year 

Month 

Name 

Saffir-Simpson 

Landfall 

County 

1900 

September 

4 

Galveston 

1902 

June 

1 

Calhoun 

1909 

July 

3 

Brazoria 

1910 

September 

2 

Nueces 

1912 

October 

1 

Kleberg 

1913 

June 

2 

Nueces 

1915 

August 

4 

Galveston 

1916 

August 

3 

Kenedy 

1919 

September 

4 

Kenedy 

1921 

June 

1 

Matagorda 

1929 

June 

2 

Calhoun 

1932 

August 

4 

Galveston 

1933 

September 

3 

Cameron 

1934 

July 

1 

Aransas 

1936 

June 

1 

Nueces 

1940 

August 

2 

Orange 

1941 

September 

3 

Brazoria 

1942 

August 

1 

Galveston 

1942 

August 

3 

Matagorda 

1943 

July 

2 

Jefferson 

1945 

August 

2 

Matagorda 

1947 

August 

1 

Galveston 

1949 

October 

2 

Brazoria 

1957 

June 

Audrey 

4 

Jefferson 

1959 

July 

Debra 

1 

Brazoria 

1961 

September 

Carla 

4 

Calhoun 

1963 

September 

Cindy 

1 

Galveston 

1967 

September 

Beulah 

3 

Cameron 

1970 

August 

Celia 

3 

Nueces 

1971 

September 

Fern 

1 

Matagorda 

1980 

August 

Allen 

3 

Willacy 

1983 

August 

Alicia 

3 

Galveston 

1986 

June 

Bonnie 

1 

Jefferson 

1989 

August 

Chantal 

1 

Chambers 

1989 

October 

Jerry 

1 

Galveston 

1999 

August 

Brett 

3 

Kenedy 

Note:  Hurricanes  were  named  starting  in  1954. 
Source:  National  Hurricane  Center 


storm  is  assigned  an  impact  score  for  that  storm  equal  to  2N,  where  N 
is  the  Saffir-Simpson  Scale  rating  for  the  storm  at  the  time  of  landfall. 
Hurricanes  exhibit  a  large  degree  of  variability  in  wind  speeds  which 
makes  the  spatial  resolution  of  hurricane  force  winds  difficult  to 
quantify.  The  radius  of  hurricane  force  winds  varies  from  storm  to 
storm  and  even  within  different  sectors  of  the  same  storm.  In  con¬ 
structing  this  score  it  was  assumed  that  any  county  recording  a  direct 
hurricane  landfall  as  well  as  the  counties  immediately  adjacent  would  all 
be  subjected  to  hurricane  force  winds  from  that  particular  storm.  In 
addition,  those  counties  that  border  on  a  Texas  coastal  bay,  but  not  the 
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Texas  Hurricanes 
1900-1999 

Saffir-Simpson 
Scale  Groupings 


Category  3  or  4 

Landfall,  Trajectory, 

Decade  and  ID  Number 
(example:  1980s,  1st  Hurricane) 

Category  1  or  2 

^J72)  Landfall,  Trajectory, 

Decade  and  ID  Number 
(example:  1970s,  2nd  Hurricane) 


50  miles 


50  kilometers 


Source:  National  Hurricane  Center  (NHC) 


Figure  1.  Map  of  hurricane  landfalls,  intensities  and  dates  for  Texas  coastal  counties. 


coast  itself,  were  assumed  to  be  impacted  by  hurricane  force  winds  if  the 
immediately  adjacent  coast-bordering  county  was  the  site  of  a  hurricane 
landfall.  Thus  a  hurricane  making  landfall  in  Galveston  County  is 
assumed  to  also  impact  Chambers,  Brazoria  and  Harris  Counties. 
Figure  1  is  a  map  showing  the  landfall  locations  of  each  of  the  36 
hurricanes  used  in  this  study.  Table  2  lists  the  number  of  hurricanes 
impacting  and  total  impact  score  for  each  of  the  17  coastal  counties  of 
Texas.  The  total  hurricane  impact  score  for  a  county  is  computed  by 
summing  the  impact  scores  for  each  individual  hurricane.  Aransas 
County,  which  has  been  impacted  by  three  Category  1  hurricanes,  three 
Category  2  hurricanes,  one  Category  3  hurricane  and  one  Category  4 
hurricane  thus  tallies  a  hurricane  impact  score  of  42.  This  impact  score 
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Table  2.  Number  of  Hurricane  Impacts  by  County. 


Saffir-Simpson  Intensity  Category 


County 

1 

2 

3 

4 

5 

Impact 

Score 

Aransas 

3 

3 

1 

1 

0 

42 

Brazoria 

7 

2 

4 

3 

0 

102 

Calhoun 

4 

2 

1 

1 

0 

40 

Cameron 

0 

0 

3 

0 

0 

24 

Chambers 

6 

1 

1 

4 

0 

88 

Galveston 

6 

1 

3 

3 

0 

88 

Harris 

5 

0 

1 

3 

0 

66 

Jackson 

3 

2 

1 

1 

0 

38 

Jefferson 

2 

2 

0 

1 

0 

28 

Kenedy 

1 

0 

3 

1 

0 

42 

Kleberg 

2 

2 

3 

1 

0 

52 

Matagorda 

4 

3 

3 

1 

0 

60 

Nueces 

3 

2 

1 

0 

0 

22 

Orange 

1 

2 

0 

1 

0 

26 

Refugio 

2 

1 

0 

1 

0 

24 

San  Patricio 

2 

2 

1 

0 

0 

20 

Willacy 

0 

0 

5 

1 

0 

56 

is  time  dependent.  Scores  would  be  expected  to  grow  as  the  number  of 
years  in  the  analysis  increase.  To  mitigate  this,  the  hurricane  impact 
scores  were  normalized  and  the  resulting  z-scores  classified  into  five 
categories  using  a  minimum  variance  technique.  The  final  hurricane  risk 
score  is  then  computed  as  2N  where  N  represents  the  category  of  their 
normalized  hurricane  impact  score.  Following  this  transformation, 
Aransas  County  has  a  hurricane  risk  score  of  4. 

POPLULATION  AND  PROPERTY  EXPOSURE 

A  recent  study  (Rappaport  2000)  concluded  that  freshwater  flooding 
is  a  significant  cause  of  hurricane-related  deaths  in  the  US.  In  coastal 
counties,  five  times  as  many  people  were  killed  in  freshwater  flooding 
than  in  flooding  due  to  the  hurricane  storm  surge.  This  indicates  that 
the  impacts  of  the  hurricane  are  not  restricted  to  the  immediate  coastline 
and  the  entire  county  should  be  considered  when  assessing  vulnerability. 
Data  (see  Table  3)  on  population  and  property  values  for  the  entire 
county  were  used  to  assess  hurricane  exposure.  Census  Bureau  values 
for  the  2000  population  of  the  17  coastal  counties  were  classified  into 
five  categories  and  assigned  a  population  exposure  score  using  the 
minimum  variance  technique  and  2N  formulation  discussed  above. 
Aransas  County’s  population  of  22,497  places  it  in  population  class  1 
with  a  resulting  population  exposure  score  of  2.  The  most  populous 
coastal  county,  Harris,  has  a  population  exposure  score  of  32. 
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Table  3.  Population  and  Property  Values  for  Texas  Coastal  Counties 


County  2000  Population  1997  Property  Value 

($) 


Aransas 

22,497 

976,435,261 

Brazoria 

241,767 

13,288,982,660 

Calhoun 

20,647 

3,420,395,057 

Cameron 

335,227 

6,791,580,759 

Chambers 

26,031 

3,479,175,130 

Galveston 

250,158 

18,065,353,799 

Harris 

3,400,578 

144,306,426,710 

Jackson 

14,391 

1,568,354,710 

Jefferson 

252,051 

13,083,622,602 

Kenedy 

414 

420,349,970 

Kleberg 

31,549 

1,269,524,984 

Matagorda 

37,957 

4,132,209,461 

Nueces 

313,645 

12,261,340,849 

Orange 

84,966 

3,933,692,290 

Refugio 

7,828 

706,023,380 

San  Patricio 

67,138 

2,556,369,132 

Willacy 

20,082 

790,785,807 

Sources:  US  Bureau  of  the  Census  and  Texas  State  Property  Tax  Board 


Table  4.  Hurricane  Vulnerability  Index  (HVI)  by  County 


County 

HVI 

Hurricane 

Population 

Property 

Risk 

Exposure 

Exposure 

Aransas 

8 

4 

2 

2 

Brazoria 

48 

32 

8 

8 

Calhoun 

10 

4 

2 

4 

Cameron 

22 

2 

16 

4 

Chambers 

22 

16 

2 

4 

Galveston 

40 

16 

8 

16 

Harris 

72 

8 

32 

32 

Jackson 

8 

4 

2 

2 

Jefferson 

18 

2 

8 

8 

Kenedy 

8 

4 

2 

2 

Kleberg 

12 

8 

2 

2 

Matagorda 

14 

8 

2 

4 

Nueces 

26 

2 

16 

8 

Orange 

10 

2 

4 

4 

Refugio 

6 

2 

2 

2 

San  Patricio 

8 

2 

4 

2 

Willacy 

12 

8 

2 

2 

Property  values  for  each  county  represent  the  appraised  gross  market 
value  of  real  and  personal  property  as  reported  to  the  State  Property  Tax 
Board  for  1997.  As  with  the  population  data,  the  property  values  were 
ranked  into  five  classes  and  each  county  was  assigned  a  property  expo¬ 
sure  score  of  2N  where  N  equals  their  property  class  rating.  Aransas 
County’s  property  value  of  $976,435,261  places  it  in  property  class  1 
with  a  property  exposure  score  of  2. 
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Figure  2.  Map  of  Texas  Hurricane  Vulnerability  Index  for  coastal  counties. 


Analysis  of  Vulnerability  Index  Scores 

Each  county  is  assigned  a  Hurricane  Vulnerability  Index  (HVI)  score 
by  summing  the  risk  and  exposure  scores.  Aransas  County  has  an  HVI 
of  8.  The  complete  list  of  HVI  scores  by  county  is  given  in  Table  4. 
The  HVI  Scores  exhibit  considerable  variability  ranging  from  a  high  of 
72  for  Harris  County  to  a  low  of  6  for  Refugio  County.  HVI  scores 
below  20  were  most  common.  Figure  2  is  a  map  of  the  HVI  scores  for 
the  17  Texas  coastal  counties.  Highest  vulnerability  is  clustered  in  the 
Freeport/Galveston/Houston  Region.  Secondary  clusters  appear  near  the 
other  major  population  centers  of  Corpus  Christi  and  Brownsville.  It  is 
interesting  to  note  that  the  Texas  coast  in  outline  appears  very  similar  to 
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the  Carolina  coast  south  of  Cape  Hatteras.  Given  the  well  documented 
propensity  for  hurricanes  to  veer  in  a  northwesterly  direction,  it  is  not 
surprising  to  find  a  high  incidence  of  hurricane  landfalls  in  Brazoria  and 
Galveston  Counties.  The  HVI  scores  associated  with  the  relatively  low 
exposure  counties  of  Kleberg  and  Willacy  are  explained  by  the  number 
of  major  hurricanes  which  have  impacted  them.  It  is  sobering  to  note 
that  these  counties  are  adjacent  to  the  cities  of  Brownsville  and  Corpus 
Christi. 

Summary  and  Recommendations  for  Further  Study 

This  paper  has  developed  a  Hurricane  Vulnerability  Index  for  Texas 
coastal  counties.  This  index  is  based  on  both  the  risk  of  hurricane 
occurrence  and  the  exposure  of  people  and  property  living  in  these 
coastal  counties.  The  Galveston/Houston/Freeport  area  was  shown  to 
be  most  vulnerable  to  hurricanes  due  to  a  combination  of  high  risk  and 
high  exposure.  The  other  major  population  centers  of  the  coast,  Corpus 
Christi  and  Brownsville,  scored  moderately  high  and  are  adjacent  to 
counties  that  have  an  historical  high  hurricane  risk. 

The  HVI  as  constructed  does  not  take  into  account  any  preparedness 
or  mitigation  activities  of  the  counties.  Nor  does  it  attempt  to  quantify 
the  specific  hazards  associated  with  hurricanes  such  as  storm  surge,  high 
winds,  and  heavy  rains.  Future  research  should  address  these  factors 
especially  as  they  impact  evacuation  behavior  of  affected  populations. 
In  addition,  efforts  should  be  directed  toward  automating  the  process  of 
constructing  and  revising  the  HVI  by  using  GIS  technologies  (Thomas 
2000). 
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A  LATE  HOLOCENE  POLLEN  SEQUENCE  FROM  ARONOW  BOG, 
NORTHERN  HARRIS  COUNTY,  TEXAS 
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Moore  Archeological  Consulting,  Inc. 

2140  Bevis  Street 
Houston,  Texas  77008  and 
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College  Station,  Texas  77843-4352 

Abstract.— The  analysis  of  fossil  pollen,  spores  and  charcoal  from  1.15  m  of  sediments 
deposited  over  a  period  of  more  than  1 ,000  years  at  Aronow  Bog  in  northern  Harris  County, 
Texas  is  the  first  detailed  record  of  the  paleo vegetation  from  southeast  Texas.  Prior  to  1010 
YBP,  low  amounts  of  arboreal  pollen  along  with  abundant  grass  and  herb  pollen  suggest  that 
this  now-forested  area  was  open  grassland.  Between  1010  YBP  and  170  YBP  an  increase 
in  oak  pollen  combined  with  a  continued  abundance  of  grass  pollen  suggests  that  the  area  was 
an  oak  savanna.  In  addition,  increases  in  charcoal  suggest  a  higher  frequency  of  forest  fires, 
while  higher  percentages  of  semi-aquatic  plant  pollen  imply  that  more  moisture  was  available 
at  the  bog  site  during  this  period.  After  about  170  YBP  the  development  of  the  modern 
piney  woods  vegetation  is  indicated  by  increases  in  pine,  sweetgum,  elm  and  yaupon  pollen 
while  herb  and  grass  pollen  declines. 


More  than  ten  years  ago,  while  conducting  an  archeological  survey 
of  the  Burroughs  Park  tract  for  the  Harris  County  Parks  Department, 
Moore  (1990)  tested  the  deposits  at  a  sphagnum-covered  bog,  later 
christened  "Aronow  Bog"  in  honor  of  the  late  Dr.  Saul  Aronow,  for 
many  years  a  professor  of  geology  at  Lamar  University,  Beaumont, 
Texas.  A  preliminary  examination  of  the  bog  samples  revealed  that  they 
contained  sufficient  well  preserved  pollen  to  merit  further  analysis.  It 
was  apparent  that  a  core  of  the  sediments  could  potentially  provide  a 
Holocene  vegetation  history  for  the  area  and  help  elucidate  Holocene 
climatic  changes  in  southeast  Texas.  It  was  with  these  objectives  that  a 
team  from  Moore  Archeological  Consulting,  Inc.  and  the  Texas  A&M 
University  Palynology  Laboratory  revisited  the  bog  in  October  1998  to 
collect  a  complete  sedimentary  sequence. 

Study  Site 

Aronow  Bog  is  located  40  meters  (130  ft.)  above  mean  sea  level  in 
northern  Harris  County  (Fig.  1).  The  small  bog  and  surrounding  swamp 
occur  in  a  shallow  depression  about  500  m  south  of  Spring  Creek,  which 
forms  Harris  County’s  northern  border.  The  surrounding  woods  are 
primarily  composed  of  shortleaf  pine  (Pinus  echinata),  loblolly  pine 
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Figure  1 .  Location  of  Aronow  Bog,  northern  Harris  County,  Texas  (25’  topographic  contour 
interval). 


(Pinus  taeda),  southern  red  oak  (Quercus  falcata),  blackjack  oak 
(Quercus  marilandica)  and  winged  elm  (Ulmus  alata)  along  with 
sweetgum  (Liquidambar  styraciflua),  black  hickory  (Cary a  texana), 
American  holly  (Ilex  opaca),  sugar  hackberry  (Celtis  laevigata)  and  red 
cedar  (Juniperus  virginiana).  The  understory  includes  yaupon  (Ilex 
vomitoria),  American  beautyberry  (Callicarpa  americana),  sassafras 
(Sassafras  albidum),  dogwood  (Comus  florida)  and  palmetto  (Sabal 
minor).  Red  maple  (Acer  rub  rum)  and  the  introduced  shrub,  bitter 
orange  (Poncirus  trifoliata)  occurred  in  the  vicinity  as  well. 

Burroughs  Park  is  located  within  the  Pineywoods  area  of  the 
Austroriparian  biotic  province  as  defined  by  Blair  (1950).  Mixed 
pine-hardwood  forests  in  the  uplands  and  mixed  hardwood  forests  in  the 
lowlands  characterize  the  Pineywoods  area,  but  other  diverse  habitats 
such  as  upland  prairies,  cypress  swamps,  bogs,  seeps  and  dense  bay- 
gall,  yaupon  and  titi  thickets  are  present  as  well  (Vines  1977;  Hatch  et 
al.  1990). 


BECK  ET  AL. 


355 


The  Harris  County  Soil  Survey  maps  classify  the  soils  near  Aronow 
Bog  as  "Boy  loamy  fine  sand".  This  soil  consists  of  a  surface  layer  of 
slightly  acid,  dark  gray,  loamy  fine  sand  underlain  by  strongly  acid, 
grayish  brown  fine  sand.  Beneath  this  layer  is  a  light  yellowish  brown 
loose,  medium  acid,  fine  sand  that  extends  to  142  cm  (56  in).  This  soil 
supports  vegetation  that  is  mainly  used  for  timber  and  woodland  grazing 
(Wheeler  1976). 

Methods  and  Materials 

In  October  of  1998,  the  first  three  authors  and  a  group  of  students 
extracted  two  solid  sediment  cores  from  the  center  of  Aronow  Bog.  The 
two  7.6  cm  (3  inch)  diameter  cores  were  located  about  10  meters  apart 
to  maximize  the  probability  that  one  of  them  would  be  from  the  deepest 
portion  of  the  bog.  This  was  accomplished  by  driving  three-meter  long, 
aluminum  core  barrels  into  the  bog  sediments  aided  by  a  Vibra-Coring 
device,  which  produces  high-frequency  vibrations  that  help  drive  the 
core  barrel  into  the  sediments  while  minimizing  deformation  of  the 
stratigraphy.  The  core  barrels  penetrated  the  sediments  to  a  depth  of 
about  2.5  m.  Before  extracting  the  core,  the  unfilled  top  portion  of  each 
core  barrel  was  filled  with  water  and  tightly  sealed  to  prevent  suction  on 
the  bottom  of  the  core  as  it  was  being  extracted.  Once  extracted,  the 
core  barrels  were  cut  to  the  length  of  the  recovered  sediments  using  a 
hacksaw  and  then  sealed  at  both  ends  for  transportation  to  the  Texas 
A&M  Palynology  Laboratory  (pollen@tamu.edu)  at  College  Station, 
Texas. 

While  at  the  bog,  the  crew  made  an  inventory  of  the  local  vegetation 
and  collected  a  control  sample  of  surface  sediment  for  later  comparison 
with  the  fossil  samples.  Pinches  of  surface  sediments  were  taken  at  a 
number  of  locations  in  an  area  about  100  m  by  100  m  around  Aronow 
Bog  using  the  collection  technique  first  outlined  by  Adams  &  Mehringer 
(1975). 

The  longer  of  the  two  solid  cores  of  bog  sediment  was  exposed  by 
sawing  along  both  long  sides  of  the  aluminum  tube.  The  second  core 
was  placed  in  cold  storage  at  a  temperature  below  freezing  for  future 
study.  Freezing  the  core  prevents  most  types  of  microbial  activity  while 
not  affecting  pollen  and  spore  preservation. 

The  core  sediments  were  described  and  color  was  determined  with  the 
Munsel  Color  Chart  (Table  1).  Pollen  samples  consisting  of  2  or  3  cc 


356 


THE  TEXAS  JOURNAL  OF  SCIENCE-VOL.  53,  NO.  4,  2001 


Table  1.  Core  description,  Aronow  Bog. 
DEPTH  (m)  DESCRIPTION 


0.15  -  0.30 


0.30  -  1.07 

1.07  -  1.64 


1.64  -  2.50 


2.50  -  2.60 


2.60  -  2.67 


Slightly  hard,  very  friable  silt  loam  with  abundant  macrofossils;  very  dark 
brown  10YR  2/2  (moist),  dark  gray  10YR  4/1  (dry).  Slightly  sticky, 
slightly  plastic;  gradual,  smooth. 

Hard,  firm  sandy  clay  loam  with  gradually  increasing  sand  content  and  with 
occasional  macro  fossil  fragments;  black  10YR  2/1  (moist),  very  dark  gray 
10YR  3/1  (dry).  Slightly  sticky,  plastic;  clear,  smooth. 

Hard,  friable  sandy  loam;  dark  gray  7.5YR  4/1  (moist),  brown  7.5YR  5/2 
(dry).  Slightly  sticky,  slightly  plastic;  clear,  smooth. 

Soft,  very  friable  sand;  light  gray  10YR  7/2  (moist),  very  pale  brown  10YR 
8/2  (dry).  Nonsticky,  nonplastic;  abrupt,  smooth. 

Extremely  hard,  firm  clay;  pale  yellow  2.5Y  7/3  (moist,  dry)  mottled  with 
reddish  yellow  7.5YR  6/8.  Sticky,  very  plastic;  gradual,  smooth. 

Extremely  hard,  firm  sandy  clay  with  gravel  up  to  1.1  cm;  reddish  yellow 
7.5YR6/8  (moist),  reddish  yellow  7.5YR  7/8  (dry)  with  bands  of  light  gray 
7.5YR  7/1.  Sticky,  nonplastic;  gradual,  smooth. 


of  sediment  were  removed  from  the  core’s  center  at  5  cm  intervals. 
Two  commercially  prepared  Lycopodium  tablets  (batch  307862),  each 
containing  13,500  +  300  Lycopodium  spores  (Stockmarr  1971;  1973) 
were  added  to  each  sample  for  facilitation  of  pollen  concentration 
estimates.  Each  sample  was  disaggregated  and  then  treated  with  HF  to 
remove  silica.  Next,  each  sample  was  washed  with  distilled  water, 
centrifuged  and  then  extraneous  organic  material  was  oxidized  using  the 
acetolysis  process  consisting  of  a  mixture  of  sulfuric  acid  and  acetic 
anhydride  (Erdtman  1960).  When  processing  was  completed  the  residue 
was  washed  briefly  with  1%  KOH,  rinsed  four  times  with  distilled 
water,  and  then  mounted  on  slides  in  glycerin  for  analysis. 

Pollen  grains  and  spores  were  counted  using  400X  or  1000X  magni¬ 
fications  on  a  Nikon  light  microscope  with  the  aid  of  the  modern 
reference  pollen  collection  at  the  Texas  A&M  Palynology  Laboratory. 
A  minimum  of  301  terrestrial  pollen  grains  (mean =326)  were  counted 
for  each  of  the  19  samples.  Pollen  identified  as  Cheno-Am  include 
pollen  from  the  family  Chenopodiaceae  and  the  genus  Amaranthus , 
which  are  morphologically  indistinguishable.  Pollen  from  the  Poaceae 
family  (grasses)  are  identified  only  to  the  family  because  their  pollen 
grains  are  similar  in  shape  and  form.  In  addition,  genera  from  the 
Asteraceae  family  (composites)  were  combined  into  one  group  at  the 
family  level  except  for  the  genera  Artemisia,  Cirsium  and  Ambrosia 
-type,  which  are  distinctive.  Microscopic  charcoal  25/xm  and  larger  was 
tallied  along  with  the  pollen  grains  and  spores. 
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Table  2.  Aronow  Bog  AMS  radiocarbon  ages. 


Depth 

(m) 

Laboratory 

number 

Measured 
Radiocarbon  Age  a 

Corrected  Radio¬ 
carbon  Age 

5  (,3C) 

0.40-0.45 

Beta- 

137387 

200+40 

170  +  60 

-27.2 

0.80-0.85 

Beta- 

135113 

1070  +  60 

1010  +  40 

-28.4 

a  Radiocarbon  dates  based  on  Libby  half-life,  5570  +  30  yr. 


Results 

Sediments  and  chronology  .—The  upper  1.15  m  of  highly  organic 
Aronow  Bog  sediments  represents  deposition  spanning  more  than  1 ,000 
years.  Only  the  upper  1.15m  were  analyzed  due  to  the  low  concentra¬ 
tions  of  pollen  in  the  lower  sandy  or  clayey  sediments. 

Two  samples  of  core  sediments  were  selected  for  accelerator  mass 
spectrometry  (AMS)  dating  (Table  2).  The  samples  were  chosen  to 
provide  a  date  for  portions  of  the  core  where  changes  in  pollen  per¬ 
centages  suggested  vegetation  changes.  The  sediments  from  0.40-0.45 
m  produced  a  date  of  170  +  60  years  before  present  (YBP)  and  the 
sediments  from  0.80-0.85  m  dated  to  1010+40  YBP. 

Pollen  percentage  diagram—  The  Aronow  Bog  pollen  diagram  shows 
the  relative  frequency  of  pollen  types  and  spores  observed  in  the  core 
samples  and  in  the  modern  surface  sample.  Figure  2  includes  the  Pinus 
through  the  other  Rosaceae,  Figure  3  the  Poaceae  through  the  Apiaceae 
and  Figure  4  the  Cyperaceae  through  the  Charcoal /Pollen.  The  frequen¬ 
cies  of  each  taxon  are  calculated  as  percentages  of  total  terrestrial  pollen 
(the  total  number  of  dry  land  pollens  excluding  aquatic  types)  or  of  the 
pollen  sum  (the  total  terrestrial  pollen  count  plus  the  semi-aquatic  types 
and  spores).  The  most  abundant  pollen  types  observed  in  Zone  1 
included  Poaceae,  Ambrosia- type,  and  other  pollen  taxa  in  the  Aster- 
aceae  (Fig.  3).  Arboreal  pollen  averages  only  20%  of  the  total 
terrestrial  pollen  in  this  zone.  The  most  abundant  tree  pollen  is 
Quercus ,  which  gradually  increases  from  2%  to  13%  (Fig.  2).  Pinus 
pollen  remains  below  10%  throughout  this  zone  (Fig.  2).  Wetland  or 
semi-aquatic  plant  pollen  from  types  such  as  Cyperaceae  (sedge  family), 
Typha  latifolia  (cattail),  Sphagnum ,  and  Isoetes  (quill wort)  are  present 
in  these  samples  but  they  are  not  abundant  (Fig.  4).  The  ratio  of 
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%  total  terrestrial  pollen 


•  <0.5% 


Figure  2.  Aronow  Bog  pollen  percentage  diagram  ( Pinus  through  Rosaceae). 


microscopic  charcoal  to  pollen  ranged  from  0.11  to  0.70  in  this  zone 
(Fig.  4). 

Zone  2  begins  prior  to  1000  YBP.  In  this  zone,  the  most  abundant 
pollen  type  is  Quercus,  which  comprises  an  average  of  27%  of  the  total 
terrestrial  pollen  (Fig.  2).  Pinus  pollen  remains  very  low,  averaging 
only  5%  (Fig.  2).  Cary  a  pollen  first  occurs  in  any  abundance  in  this 
zone,  rising  to  3%  at  0.65  m  and  0.75  m  (Fig.  2).  The  average  amount 
of  arboreal  pollen  increases  to  40%  in  this  zone.  Pollen  from  Poaceae, 
Ambrosia-type,  and  other  Asteraceae  decline  in  this  zone  but  remain 
abundant.  Apiaceae  (parsley  family)  pollen  is  also  plentiful.  Wetland 
or  semi-aquatic  pollen  types  are  most  abundant  in  Zone  2  and  the  ratio 
of  charcoal  to  fossil  pollen  is  highest  during  this  period.  A  charcoal 
increase  may  indicate  a  rising  frequency  of  naturally  occurring  forest 
fires  suggesting  drier  conditions.  Increasing  charcoal  can  also  accom¬ 
pany  some  of  the  activities  of  human  beings  (Gruell  1983).  Zone  2  ends 
around  170  YBP. 

Zone  3  represents  the  most  recently  deposited  sediments  in  Aronow 
Bog,  less  than  200  years  old.  Pinus  is  the  most  abundant  pollen  type  in 
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Figure  3.  Aronow  Bog  pollen  percentage  diagram  (Poaceae  through  Apiaceae). 


this  zone,  ranging  from  16%  to  49%  of  the  total  terrestrial  pollen  (Fig. 
2).  Quercus,  Cary  a  and  Liquidambar  pollen  are  also  well  represented 
in  Zone  3  (Fig.  2).  Ulmus  pollen  increases  dramatically  from  an 
average  of  0.2%  in  Zone  2  to  an  average  of  4%  in  Zone  3,  rising  as 
high  as  12%  at  0.2  m  (Fig.  2).  An  average  of  77%  of  the  terrestrial 
pollen  observed  is  arboreal  in  this  zone.  Ilex  vomitoria  (yaupon)  pollen 
was  observed  in  Zone  3  samples,  but  not  in  zones  1  and  2.  In  this  zone, 
the  ratio  of  charcoal  to  pollen  is  lowest,  and  there  are  low  percentages 
of  pollen  from  wetland  or  semi-aquatic  plants. 

Pinus  (45%)  and  Quercus  (21  %)  pollen  dominate  the  modern  surface 
sample.  Most  of  the  rest  of  the  surface  pollen  sum  consist  of  Cary  a 
(5%),  Liquidambar  (5%)  Ilex  (7%),  Poaceae  (5%)  and  Ambrosia- type 
(4%)  pollen. 

Pollen  zones. — To  facilitate  description  and  interpretation  of  the 
Aronow  Bog  pollen  spectra,  the  complex  multivariate  data  were 
partitioned  into  smaller  units  based  upon  patterns  of  stratigraphic 
change.  These  units,  or  pollen  zones,  were  each  composed  of  pollen 
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Figure  4.  Aronow  bog  pollen  percentage  diagram  (Cyperaceae  through  Charcoal/Pollen). 


spectra  that  were  distinguished  from  adjacent  samples  by  differences  in 
the  kinds  and  amounts  of  fossil  pollen  deposited  at  that  time.  The  pollen 
zones  were  delineated  without  reference  to  inferred  climate,  recon¬ 
structed  vegetation,  or  assumed  chronology  and  do  not  necessarily 
represent  zones  of  regional  significance  (Birks  1986;  Birks  &  Gordon 
1985).  The  zones  were  selected  using  a  cluster  analysis  program  within 
the  pollen  diagram-plotting  program  PSIMPOLL  (Bennett  1994).  The 
cluster  analysis  was  constrained  to  group  stratigraphically  adjacent 
samples  in  the  dendrograph.  Nine  variables,  consisting  of  the  major 
terrestrial  pollen  types,  were  used  to  form  the  dendrograph  from  which 
zones  were  chosen.  These  variables  were  Pinus,  Quercus,  Ulmus , 
Liquidambar ,  Myrica,  Poaceae,  Ambrosia-  type,  Polygonum  and 
Apiaceae.  On  average,  they  constituted  70  percent  of  the  pollen  sum. 
Three  zones  were  chosen  based  upon  the  summary  results  provided  by 
PSIMPOLL.  Zone  1  included  samples  from  1.15  to  0.9  m  in  depth. 
Zone  2  began  at  0.85  m  and  ended  at  0.45  m.  Radiocarbon  samples 
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Figure  5.  Relative  percentages  of  tree,  shrub  and  herb  pollen  from  Aronow  Bog. 


dated  the  bottom  of  this  zone  to  1010  +  40  and  the  top  of  this  zone  to 
170  +  60  YBP.  Zone  3  consisted  of  samples  between  0.4  m  and  0. 15  m. 
This  zone  dated  between  170  +  60  YBP  and  the  present. 

Summary  diagram. — Figure  5  summarizes  the  variation  between  three 
categories  of  pollen:  tree  pollen,  shrub  pollen  and  herb  pollen.  The 
values  are  computed  as  a  percentage  of  the  total  terrestrial  pollen.  Zone 
1  is  dominated  by  herb  pollen,  which  varies  from  54%  at  0.9  m  to  94% 
at  1.15  m.  In  Zone  2,  the  amounts  of  tree  and  herb  pollen  are  roughly 
equivalent,  varying  between  40  -  50%.  Shrub  pollen  remains  low  at  1 
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In  Zone  3,  tree  pollen  becomes  dominant,  ranging  from  55  - 
87%.  In  this  zone,  shrub  pollen  attains  its  highest  percentage,  reaching 
23%  at  0.30  m. 


Conclusions 

Pollen  percentages  from  Aronow  Bog  provide  evidence  of  changes  in 
vegetation  that  have  occurred  in  the  area  during  and  before  the  last  1000 
years.  This  study  is  the  first  attempt  at  a  detailed  reconstruction  of  the 
vegetation  history  of  southeast  Texas  apart  from  brief  analyses  of 
individual  samples  from  archeological  or  paleontological  contexts  (e.g., 
Elsik  1986).  Three  distinct  pollen  assemblages  are  apparent  at  Aronow 
Bog  from  the  results  of  the  analyses  of  this  study. 

Prior  to  1000  radiocarbon  years  YBP,  higher  frequencies  of  grass  and 
weed  pollen  as  well  as  very  low  amounts  of  arboreal  pollen  suggest  that 
the  now  densely  forested  bog  region  probably  resembled  a  grassland. 
Very  low  amounts  of  oak  and  pine  pollen  suggest  that  those  pollen 
grains  came  from  long  distant  transport  from  trees  located  miles  away 
because  both  tree  types  produce  copious  amounts  of  pollen  that  can 
become  dispersed  over  vast  distances  by  the  wind.  Pollen  and  spores 
from  semi  aquatic  plants  such  as  Cyperaceae,  Sphagnum  and  Isoetes  are 
present  in  moderate  amounts  and  the  ratio  of  charcoal  to  pollen  is  low. 
Conditions  at  Aronow  Bog  were  probably  drier  than  today,  but  wet 
enough  to  permit  the  formation  of  the  bog.  Other  paleoenvironmental 
records  from  Texas  indicate  that  a  regional  shift  to  drier  conditions 
occurred  between  1000  and  1500  years  ago  (Bryant  &  Holloway  1985). 
A  fossil  pollen  record  from  Weakly  Bog,  located  to  the  north  in  Leon 
County,  Texas  contained  abundant  oak  pollen  in  sediments  deposited 
between  2400-1500  YBP.  After  1500  YBP,  however,  the  oak  pollen 
declines  and  is  replaced  by  high  amounts  of  grass  pollen.  Those  pollen 
data  are  interpreted  to  reflect  a  change  from  open  woodland  to  the 
present  oak-savanna  during  drier,  and  possibly  warmer  conditions 
(Bryant  &  Holloway  1985;  Holloway  et  al.  1987).  In  his  examination 
of  channel  cutting  in  north  Texas  and  Oklahoma,  Hall  (1990)  observed 
an  episode  of  channel  erosion  at  about  1000  YBP  as  the  regional  climate 
shifted  from  moist  to  drier.  The  dry  conditions  persisted  from  1000 
YBP  to  the  present.  Other  events,  such  as  changes  in  the  abundance  and 
distribution  of  bison  herds  on  the  southern  plains  at  around  700-800 
YBP  (Dillehay  1974)  and  the  establishment  of  the  present  channel  of  the 
Brazos  River  about  1000  YBP  (Bernard  et  al.  1970)  also  suggest 
changing  climatic  conditions  during  this  time  period. 
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At  Aronow  Bog,  by  1000  YBP,  the  amount  of  arboreal  pollen, 
especially  oak,  increases.  The  area  may  have  resembled  an  oak  savanna 
during  this  period.  Charcoal  and  pollen  and  spores  from  aquatic  plants 
are  also  more  abundant  at  this  time.  An  increase  in  the  amount  of 
charcoal  in  the  bog  deposits  may  indicate  a  greater  frequency  of 
naturally  occurring  forest  fires  as  would  be  consistent  with  drier 
conditions.  Increasing  amounts  of  charcoal  can  also  reflect  human 
activities.  An  increase  in  pollen  and  spores  from  wetland  plants  such  as 
cattails,  sphagnum,  sedge  and  quillwort  suggests  that  there  was  more 
moisture  available  at  the  bog  site. 

In  the  sediments  deposited  after  170  YBP,  arboreal  pollen,  especially 
pine,  dominates.  Other  arboreal  species  such  as  yaupon,  elm,  pecan  and 
hickory  that  are  present  around  Aronow  Bog  today  seem  to  be  well 
represented  in  the  pollen  record  during  this  last  period.  The  amount  of 
charcoal  in  the  bog  deposits  drops  to  its  lowest  amount  in  these  sedi¬ 
ments.  This  portion  of  the  bog  sediment  column  probably  represents  the 
period  just  prior  to  and  during  the  occupation  of  the  area  by  the  first 
Euro- American  settlers.  The  changes  in  pollen  types  and  frequencies  in 
this  zone  could  be  due  in  part  to  the  changes  in  land  use  that  typically 
accompanied  Euro- American  occupation  of  an  area.  Euro- Americans 
usually  cleared  land  for  farming  or  pasture  and  generally  suppressed 
forest  fires.  These  activities  can  change  the  composition  of  a  forested 
region  by  encouraging  the  growth  of  fire  intolerant,  fast  growing  and 
shade  intolerant  species.  This  may  account  for  the  present  diversity  of 
tree  species  that  are  represented  both  in  the  uppermost  pollen  samples 
and  in  the  present  forest.  The  modern  surface  sample,  which  is 
dominated  by  pine  pollen,  other  arboreal  pollen  types  and  yaupon  pollen 
closely  resembles  the  pollen  profile  from  the  uppermost  sediments 
suggesting  there  has  been  little  vegetational  change  around  the  bog 
during  the  past  100  or  more  years. 
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THE  EFFECTIVENESS  OF  QUADRATS 
FOR  MEASURING  VASCULAR  PLANT  DIVERSITY 
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Abstract.— Quadrats  are  widely  used  for  measuring  characteristics  of  vascular  plant 
communities.  It  is  well  recognized  that  quadrat  size  affects  measurements  of  frequency  and 
cover.  The  ability  of  quadrats  of  varying  sizes  to  adequately  measure  diversity  has  not  been 
established.  An  exhaustive  search  of  sixteen  40  by  40  m  old  field  plots  documented  presence 
or  absence  of  88  vascular  plant  species  (mean  =  58.8  per  plot).  Against  these  benchmarks, 
measurements  of  species  richness  were  obtained  from  50  samples  in  each  plot  and  compared 
among  three  different  sized  quadrats  (0.2  by  0.5  m,  0.5  by  0.5  m  and  0.5  by  1 .0  m).  These 
quadrats  differed  in  the  number  of  species  measured,  with  an  average  of  33.6,  38.7  and  41 .4 
species  respectively  (P<  0.001;  Least  Significant  Difference  test  critical  difference  =  0.7 
species).  Quadrats  are  relatively  ineffective  for  documenting  the  actual  number  of  vascular 
plant  species  present  on  old  field  plots  (at  least  30%  of  species  undetected).  However,  under 
the  intensity  of  sampling  used  in  this  study  («=50)  a  difference  of  less  than  one  species  per 
plot  was  detected  at  P<0.05.  Thus,  quadrat  sampling  regardless  of  quadrat  size  can  provide 
a  precise  index  of  vascular  plant  species  richness. 


Recent  controlled  field  studies  provide  evidence  suggesting  that  plant 
diversity  contributes  to  ecosystem  resilience,  and  that  this  diversity  is 
related  to  global  nitrogen  and  carbon  cycling  (Berendse  1990;  Inouye  & 
Tilman  1988;  Tilman  1987;  1988;  1996;  Wedin&  Tilman  1996).  Inves¬ 
tigation  of  these  effects  in  uncontrolled  field  conditions  will  require  an 
excellent  understanding  of  the  capabilities  of  field  sampling  techniques 
to  reliably  measure  diversity.  Thus,  knowledge  of  technique  effec¬ 
tiveness  is  not  only  important  for  research  planning  (e.g.,  Cook  & 
Stubbendieck  1986),  but  more  importantly  is  essential  regarding 
diversity  data  interpretation  and  management  recommendations. 

Numerous  studies  have  investigated  vegetation  measurement  tech¬ 
niques  (e.g.,  Canfield  1941;  Cook  &  Stubbendieck  1986;  Daubenmire 
1968;  Etchberger  &  Krausman  1997;  Higgins  et  al.  1996;  Stohlgren  et 
al.  1998).  Regarding  quadrat  sampling,  Bormann  (1953)  demonstrated 
that  many  small  quadrats  achieve  greater  precision  for  a  given  sample 
size  than  larger  quadrats  sampling  an  equal  area.  Generally,  long  thin 
quadrats  are  considered  superior  because  they  cross  more  vegetation 
patches  (Daubenmire  1968;  Krebs  1989).  However,  these  guidelines 
refer  to  measurement  of  cover  and  frequency.  The  relationship  of  these 
guidelines  to  measurement  of  diversity  is  not  immediately  clear. 
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Figure  1 .  Richness  measurement  (species  per  40  by  40  m  plot)  as  a  function  of  sampling 
intensity.  Quadrats  (Small  =  0.2  by  0.5,  Medium  =  0.5  by  0.5,  Large  =  0.5  by  1.0 
m)  underestimate  true  vascular  plant  richness,  even  with  intensive  sampling  (n  =  50 
quadrats  per  40  by  40  m  plot),  but  do  provide  a  useful  index  of  richness. 


Richness  estimates  were  derived  and  compared  among  three  different 
sized  quadrats  (0.2  by  0.5,  0.5  by  0.5  and  0.5  by  1.0  m)  in  sixteen  40 
by  40  m  plots  within  an  old  field  in  south-central  Oklahoma  during  June 
and  July  1998.  The  influence  of  quadrat  size  on  detection  frequency  for 
88  plant  species  that  varied  markedly  in  abundance  was  investigated. 

Methods 

Each  of  16  study  plots  measured  40  by  40  m.  Vegetation  was  sam¬ 
pled  using  three  different  sized  quadrats  (0.2  by  0.5  m  [Daubenmire] , 
0.5  by  0.5  m  and  0.5  by  1.0  m).  Additionally,  plots  were  exhaustively 
searched  with  the  purpose  of  cataloging  presence  and  absence  of  all 
vascular  plant  species.  Each  quadrat  size  was  sampled  at  50  positions 
within  each  plot.  Positions  within  plots  were  determined  by  stepping-off 
a  random  number  of  steps  between  positions  (between  1  and  10),  along 
parallel  transects  that  were  randomly  spaced.  At  each  position,  the 
observer  dropped  the  quadrat  without  looking  at  the  ground.  Known 
richness  (determined  from  exhaustive  search)  was  compared  to  richness 
determined  by  each  sized  quadrat.  Additionally,  frequency  of  detection 
for  each  plant  species  was  compared  among  the  three  different  sized 
quadrats.  Analyses  included  one-way  analysis  of  variance  for  random¬ 
ized  blocks  with  SPSS  (SPSS  Inc.  1997). 
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Figure  2.  Significance  of  quadrat  size  effect  as  a  function  of  frequency.  With  the  exception 
of  Buchloe  dactyloides  and  Aristida  oligantha,  species  need  to  occur  in  >  10%  of  samples 
for  quadrat  size  to  affect  frequency  measurement. 


Results 

Quadrats  underestimated  richness  by  30-43%  (P< 0.001)  (Figure  1). 
With  few  exceptions  (17  of  71  species),  quadrat  size  did  not  affect 
frequency  estimates  for  species  that  occurred  in  fewer  than  10%  of 
quadrats,  whereas  (except  for  Buchloe  dactyloides  and  Aristida 
oligantha)  quadrat  size  did  affect  frequency  estimates  for  all  species  that 
occurred  in  greater  than  10%  of  quadrats  (n=\l)  (Figure  2). 

Discussion  and  Conclusions 

At  first  glance,  it  is  reasonable  to  conclude  that  a  failure  to  detect 
30-43%  of  species  present  indicates  that  quadrats  up  to  0.5  nr  are 
unable  to  effectively  document  vascular  plant  richness  in  old  fields. 
This  reasoning  is  further  supported  by  the  recognition  that  comparative 
samples  were  taken  from  40  by  40  m  old  field  plots  that  are  not  con¬ 
sidered  to  be  highly  diverse.  However,  the  experimental  design  was 
able  to  detect  a  difference  of  less  than  1  species  (0.7)  among  sampling 
methods  (LSD  test).  This  is  the  smallest  biologically  meaningful 
difference  possible.  Therefore,  quadrat  sampling  when  conducted  with 
sufficient  intensity  (n= 50  samples  per  40  by  40  m  plot  in  this  study)  can 
provide  a  reliable  index  of  species  richness. 

It  is  not  surprising  that  larger  quadrats  detected  more  species  than  did 
smaller  quadrats.  It  is  more  important  to  note  that  quadrat  size  has  a 
limited  effect  on  detection  frequency  for  species  that  occur  in  fewer  than 
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10%  of  quadrats  (Figure  2),  and  that  measurements  of  54  of  88  species 
were  unaffected  by  quadrat  size.  Thus,  whereas  quadrats  have  signifi¬ 
cant  limitations  regarding  measurement  of  individual  species  (Stohlgren 
et  al.  1998;  this  study),  these  data  support  the  use  of  quadrats  for 
providing  comparative  estimates  of  vascular  plant  diversity  (richness). 
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Abstract.— Leucaena  ( Leucaena  sp.)  is  a  potential  forage  component  in  supplemental  feed 
for  white-tailed  deer  ( Odocoileus  virginianus )  in  southern  Texas.  This  study  compared 
white-tailed  deer  (five  to  eight  months  of  age)  preference  and  growth  rates  when  consuming 
a  standard  deer  pellet  and  a  pellet  with  35%  leucaena.  Digestion  trials  were  conducted  with 
each  pellet  type  to  further  explain  the  results.  White-tailed  deer  preferred  (P  <  0.001) 
standard  pellets  over  leucaena  pellets  when  given  equal  access  to  each  pellet  type.  Growth 
rates  did  not  differ  (P  =  0.212)  between  pellet  types.  Leucaena  pellets  contained  more 
nitrogen  but  the  nitrogen  was  not  as  digestible;  therefore,  nitrogen  balance  of  the  two  diets 
did  not  differ.  Leucaena  at  35%  of  the  diet  is  a  viable  component  of  supplemental  feed  for 
white-tailed  deer,  although  deer  may  be  reluctant  to  consume  it  initially. 


White-tailed  deer  have  high  aesthetic  and  economic  value  in  southern 
Texas.  Because  these  values  are  positively  related  to  deer  body  and 
antler  size,  survival,  productivity  and  population  density,  and  because 
these  parameters  can  be  influenced  by  nutrition,  deer  managers  may 
provide  supplemental  feed  to  increase  the  value  of  their  deer  herd. 
Leucaena  is  a  native  forage  crop  in  Mexico  and  is  being  grown  commer¬ 
cially  in  southern  Texas  for  use  in  supplemental  feed  for  white-tailed 
deer.  The  high  crude  protein  content  of  leucaena  (Bassala  et  al.  1991) 
makes  it  a  viable  feed  component,  but  secondary  plant  compounds  such 
as  condensed  tannin  (Jackson  &  Barry  1996)  and  mimosine  (National 
Academy  of  Sciences  1977)  may  reduce  its  value. 

The  objective  of  this  study  was  to  compare  pellets  containing  leucaena 
to  a  standard  grain  based  pellet  as  feed  for  white-tailed  deer  fawns. 
Fawns  were  chosen  to  study  because  their  smaller  body  size  and 
increased  nutrient  requirements  for  body  growth  make  them  more 
sensitive  to  diet  quality  than  adult  white-tailed  deer.  Preference  of 
white-tailed  deer  fawns  for  pellets  with  and  without  leucaena  was  tested, 
body  growth  over  six  weeks  on  the  two  diets  was  compared,  and 
apparent  dry  matter,  protein  and  energy  digestibilities  of  the  two  diets 
were  determined. 
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Materials  and  Methods 

The  study  was  conducted  at  the  Wildlife  Research  Facility  of  Texas 
A&M  University-Kingsville,  1  km  north  of  Kingsville,  Texas.  In 
February,  1998,  five  female  and  seven  male  white-tailed  deer  fawns 
(hand-reared  and  five  to  eight  months  of  age)  were  placed  in  individual 
3  by  3  m  pens.  Water  and  feed  were  provided  ad  libitum  throughout  the 
study.  Two  types  of  pellets  were  used;  one  contained  35%  leucaena  (L. 
leucocephala  variety  K636,  Lyssy  &  Eckel,  Inc.,  Poth,  Texas)  and  the 
other  contained  no  leucaena  (Purina,  St.  Louis,  Missouri),  hereafter 
referred  to  as  leucaena  and  standard  pellets,  respectively.  The  standard 
pellet  had  been  fed  at  the  captive  deer  facility  for  several  years  and  is 
similar  to  pellets  fed  to  wild  deer  by  deer  managers  in  southern  Texas. 
During  the  first  seven  days  (acclimation  period),  fawns  were  fed  an 
equal  mixture  of  the  two  types  of  pellets  to  allow  exposure  to  both  pellet 
types  and  adjustment  of  rumen  microbes.  Three  related  studies  were 
then  conducted.  All  studies  were  approved  by  the  Texas  A&M  Univer¬ 
sity-Kingsville  Animal  Care  and  Use  Committee. 

Preference  study.—  After  the  acclimation  period,  a  seven  day  prefer¬ 
ence  trial  was  conducted  in  which  each  pellet  type  was  offered  ad 
libitum  in  separate  feed  containers.  The  position  of  each  container  was 
alternated  each  day  to  minimize  the  effect  of  container  placement  on 
feed  preference.  Daily  consumption  of  each  pellet  type  was  determined 
by  weighing  the  amount  of  feed  offered  and  subtracting  the  feed 
remaining  the  following  day.  Consumption  was  measured  on  an  as  fed 
basis.  A  r-test  of  the  percent  of  each  food  type  eaten  was  used  to  test 
the  hypothesis  that  deer  fawns  consumed  equal  amounts  of  both  types  of 
pellets.  Alpha  =  0.10  was  chosen  for  significance  to  reduce  the  chance 
of  a  Type  I  error  which  was  increased  by  the  small  sample  size.  A 
Type  I  error  would  lead  to  not  choosing  the  most  effective  feed  whereas 
a  Type  II  error  would  result  in  choosing  one  feed  over  the  other  when 
there  was  no  difference.  A  Type  II  error  would  not  be  detrimental 
unless  one  feed  type  was  more  expensive. 

Growth  rate  study.—  After  the  preference  trial,  deer  fawns  were 
randomly  assigned,  blocking  on  sex,  to  one  of  the  two  diets.  Fawns 
were  fed  their  respective  diets  for  a  five  day  acclimation  period,  then 
weighed  and  maintained  on  that  diet  for  six  weeks.  Body  weights  were 
taken  at  the  middle  and  end  of  the  six  week  period  and  used  to  calculate 
growth  rate.  Dry  matter  intake  was  monitored  over  this  period  by 
measuring  daily  consumption  and  correcting  to  a  dry  matter  basis  by 
drying  a  sample  of  100  g  at  100°C  for  24  hrs.  Body  growth  rates  were 
analyzed  by  a  Mest  of  the  difference  between  body  weight  at  the 
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beginning  and  end  of  the  six  week  trial.  Alpha  =  0.10  was  chosen  for 
the  reasons  outlined  above. 

Digestibility  study  .—During  weeks  two  to  four  of  the  growth  rate 
study,  each  fawn  was  placed  for  one  week  in  a  1.5  m 3  digestion  crate 
that  allowed  collection  of  all  feces  and  urine.  The  seven  day  digestion 
trial  consisted  of  a  two  day  acclimation  period  and  a  five  day  collection 
period  during  which  feed  and  water  intake  were  monitored  and  all 
excreta  collected.  Urine  was  collected  daily  in  trays  containing  33% 
HC1  to  prevent  ammonia  volatilization  and  a  30%  sample  of  each 
collection  was  frozen.  For  each  deer,  daily  samples  were  mixed  and  a 
160  ml  aliquot  was  saved  for  analysis.  Feces  were  collected  daily  and 
a  10%  sample,  not  contaminated  by  urine  or  hair,  was  frozen  for 
analysis.  The  remaining  feces  were  dried  at  100°C  for  24  hrs  and  used 
to  express  fecal  excretion  on  a  dry  matter  basis.  Samples  of  feed  were 
saved  during  each  digestion  trial  and  frozen  for  analysis. 

Samples  of  feed  and  feces  were  thawed,  air  dried  and  ground  in  an 
ultra-centrifugal  mill  (Glen  Mills  Co.)  through  a  1.0  mm  screen. 
Nitrogen  content  of  feed,  feces  and  urine  was  determined  by  Kjeldahl 
analysis.  Gross  energy  in  feed  and  feces  was  measured  by  bomb 
calorimetry.  Dry  matter,  apparent  nitrogen  and  apparent  energy  digesti¬ 
bility  were  calculated  using  standard  formulas  (Robbins  1993).  Urinary 
ammonia  nitrogen  was  measured  as  an  index  to  secondary  plant  com¬ 
pound  ingestion  (Foley  et  al.  1995)  using  the  Kjeldahl  technique  without 
the  acid  digestion  step.  All  variables  were  analyzed  as  a  complete 
randomized  block  ANOVA  with  sex  being  the  block  and  diet  the  main 
effect.  The  Type  III  sums  of  squares  in  SAS  (SAS  Institute,  Inc.  1989) 
was  used  to  determine  the  effect  of  diet,  controlling  for  sex.  Alpha  = 
0.10  was  chosen  for  the  reasons  outlined  above.  Means  ±  1  standard 
error  are  reported. 

Results 

One  female  deer  on  the  leucaena  diet  quit  eating  three  weeks  into  the 
growth  rate  study  and  was  removed  from  the  experiment  shortly  there¬ 
after.  After  being  removed  from  the  study  and  given  access  to  the 
maintenance  diet,  the  deer  appeared  healthy  and  ate  normally.  This  deer 
did  not  have  an  ending  body  weight  and  therefore  was  not  used  in  the 
growth  rate  portion  of  the  study.  One  fawn  on  the  leucaena  treatment 
was  not  used  in  the  digestion  trial  because  of  soft  feces,  which  would 
have  made  collection  of  feces  difficult.  This  fawn  was  replaced  with 
another  that  had  acclimated  to  the  leucaena  diet  for  seven  days  before 
the  digestion  trial.  Finally,  an  error  during  feeding  reduced  the  sample 
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size  from  six  to  five  fawns  for  each  diet  in  the  digestion  trial  analyses. 

Fawns  preferred  the  standard  pellets  to  those  containing  leucaena  (P 
<0.001).  On  average,  87.2  ±  6.0%  of  intake  was  of  standard  pellets, 
although  variation  between  individuals  was  high  (range  =  34.5  to 
99.6%).  Growth  over  the  6  week  trial  was  2. 1  ±  0.42  and  1.2  ±  0.28 
kg  for  fawns  on  the  standard  and  leucaena  pellets,  respectively,  but  did 
not  differ  (P  =  0.212)  between  diets. 

Fawns  had  a  higher  dry  matter  (DM)  intake  of  leucaena  pellets  than 
standard  pellets,  although  DM  digestibility  and  digestible  DM  intake  did 
not  differ  between  the  two  diets  (Table  1).  The  diets  did  not  differ  in 
gross  or  digestible  energy,  but  did  differ  in  nitrogen  content  (Table  1). 
The  higher  nitrogen  content  and  dry  matter  intake  of  the  leucaena  diet 
resulted  in  a  50%  increase  in  nitrogen  intake  for  the  leucaena  diet 
compared  to  the  standard  diet.  This  higher  intake  was  offset  by 
increased  fecal  and  possibly  urinary  (P  —  0. 104)  nitrogen  excretion,  so 
that  apparent  nitrogen  digestibility  and  nitrogen  balance  did  not  differ 
between  the  two  diets  (Table  1).  The  percent  nitrogen  excreted  as 
ammonium  did  not  suggest  a  difference  between  fawns  on  the  two  diets 
in  levels  of  secondary  plant  compounds  ingested. 

Discussion 

The  preference  experiment  suggested  that  white-tailed  deer  fawns  will 
not  readily  switch  from  a  standard  deer  pellet  to  the  leucaena  pellets 
when  given  access  to  both.  The  fawns  had  been  maintained  on  the 
standard  pellets  since  weaning  and  may  have  shown  a  neophobic 
response  (Stephens  &  Krebs  1986)  to  the  leucaena  pellets.  The  digestion 
trials  indicate  that  given  access  to  only  leucaena  pellets,  intake  rates  of 
leucaena  pellets  exceed  those  of  standard  pellets.  Thus,  deer  will  eat 
leucaena  pellets. 

The  leucaena  pellets  contained  more  nitrogen  than  the  standard 
pellets,  which  contributed  to  a  higher  nitrogen  intake.  However, 
apparent  digestibility  of  nitrogen  in  the  leucaena  pellets  was  lower. 
Tannins  decrease  protein  digestibility  (Robbins  et  al.  1987)  and  because 
tannins  are  found  in  leucaena,  they  may  explain  a  portion  of  the  lower 
nitrogen  digestibility.  Differences  between  the  pellets  in  processing  and 
in  nitrogen  sources  may  also  explain  differences  in  nitrogen  digestibility. 
There  was  evidence  of  increased  nitrogen  excretion  in  the  urine  indicat¬ 
ing  that  either  some  of  the  nitrogen  was  not  available  for  productive 
processes  or  protein  requirements  were  being  met  and  excess  protein 
was  being  used  for  energy  and  the  nitrogen  excreted.  The  greater 
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Table  1.  Dry  matter,  energy  and  nitrogen  content  and  use  by  white-tailed  deer  fawns  of 
standard  deer  pellets  ( n  =  5)  or  leucaena  based  pellets  ( n  =  5)  during  March  1998  in 
Kingsville,  Texas.  The  P- value  is  for  dietary  effect  after  removing  variation  due  to  sex 
of  deer  fawns. 


Standard 


Leucaena 


X 

SE 

X 

SE 

P 

Dry  matter  (DM) 

DM  intake  (g  kg  '0  75  day  '1) 

65.1 

2.2 

77.3 

4.1 

0.041 

DM  digestibility  (%) 

56.2 

3.1 

52.7 

3.0 

0.475 

Digestible  DM  intake  (g  kg  "°-75  day _1) 

36.3 

1.1 

41.0 

4.0 

0.325 

Energy 

Gross  energy  (kcal  g'1) 

4.27 

— 

4.30 

— 

— 

Digestible  energy  (kcal  g _1) 

2.54 

0.13 

2.50 

0.16 

0.867 

Nitrogen  (N) 

Dietary  N  (%) 

3.03 

— 

3.73 

— 

— 

N  intake  (g  kg  '°-75  day -1) 

1.97 

0.07 

2.89 

0.15 

0.001 

Fecal  N  excretion  (g  kg'075  day'1) 

0.54 

0.04 

1.04 

0.07 

<  0.001 

Urinary  N  excretion  (g  kg'075  day'1) 

1.04 

0.11 

1.31 

0.11 

0.104 

Urinary  N  as  NH4  (%) 

5.1 

0.2 

5.4 

0.3 

0.419 

Apparent  N  digestibility  (%) 

73.0 

1.4 

63.9 

2.3 

0.016 

N  balance  (g  kg'0-75  day'1) 

0.40 

0.10 

0.54 

0.23 

0.609 

excretion  of  nitrogen  from  leucaena  pellets  offset  the  higher  nitrogen 
intake  resulting  in  a  nitrogen  balance  similar  to  that  of  the  standard 
pellets.  The  similarity  of  the  two  pellets  is  further  supported  by  the 
growth  rates  that  were  not  different  between  the  two  diets. 

Secondary  plant  compounds  may  decrease  intake  of  a  forage  or  may 
cause  toxicity  if  consumed  in  sufficient  amounts.  Leucaena  contains 
tannins  and  the  amino  acid  mimosine  that  could  reduce  the  value  of 
leucaena  as  a  forage  crop.  Other  than  lower  apparent  protein  digestion, 
no  negative  effects  of  secondary  plant  compounds  in  the  leucaena  pellets 
were  found.  Excretion  of  ammonium  ions  in  the  urine  increases  in 
animals  consuming  some  types  of  secondary  plant  compounds  (Foley  et 
al.  1995)  and  may  serve  as  an  index  to  toxin  loads.  Deer  consuming 
the  two  different  types  of  diets  excreted  the  same  levels  of  ammonium 
nitrogen,  indicating  that  ingested  toxin  loads  were  similar. 

There  are  several  possible  reasons  why  no  significant  negative  effects 
in  deer  consuming  leucaena  were  found,  despite  the  presence  of 
secondary  plant  compounds.  First,  deer  have  adaptations,  such  as 
proteins  in  their  saliva  (Austin  et  al.  1989),  to  reduce  the  impact  of 
tannins.  Second,  the  levels  of  leucaena  in  the  diet  and  the  period  over 
which  deer  were  consuming  leuceana  were  probably  not  sufficient  to 
cause  problems.  Cattle,  which  are  grazers  and  should  be  more  sus¬ 
ceptible  to  problems  caused  by  secondary  plant  compounds,  do  not  show 
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problems  unless  leucaena  is  >30%  of  the  diet  and  is  consumed  for  more 
than  six  months  (Hammond  1995).  Finally,  heating  during  the 
processing  of  leucaena  meal  decreases  mimosine  content  (National 
Academy  of  Sciences  1977). 

Further  work  should  be  done  in  the  development  of  leucaena  as  an 
alternative  protein  source  for  domestic  stock  and  wildlife.  Because 
leucaena  exhibits  the  desirable  traits  of  rapid  growth,  adaptability  and 
resistance  to  cotton  root  rot,  leucaena  is  a  viable  forage  component  in 
pellets  used  to  supplementally  feed  white- tailed  deer.  The  only  problem 
identified  in  this  study  was  a  reluctance  of  deer  to  switch  to  leucaena 
from  their  maintenance  diet  when  given  access  to  both  pellet  types. 

Acknowledgments 

We  thank  Lyssy  &  Eckel,  Inc.,  Houston  Livestock  Show  and  Rodeo, 
and  the  Caesar  Kleberg  Wildlife  Research  Institute  for  supporting  our 
study.  S.  E.  Henke  and  T.  E.  Fulbright  provided  advice  and  reviewed 
earlier  drafts  of  this  manuscript.  We  acknowledge  the  assistance  of  J. 
A.  Morris  and  M.  W.  Gibson  during  the  study.  This  is  publication 
number  98-124  of  the  Caesar  Kleberg  Wildlife  Research  Institute. 

Literature  Cited 

Austin,  P.  J.,  L.  A.  Suchar,  C.  T.  Robbins  &  A.  E.  Hagerman.  1989.  Tannin-binding 
proteins  in  saliva  of  deer  and  their  absence  in  sheep  and  cattle.  J.  Chem.  Ecol. ,  15:1335- 
1347. 

Bassala,  P.,  P.  Felker  &  D.  H.  D.  Swakon.  1991.  A  comparison  of  Leucaena  leucocephala 
and  Leucaena  pulverulenta  leaf  and  stem  age  classes  for  nutritional  value.  Tropic. 
Grassl.,  25:313-316. 

Foley,  W.  J.,  S.  McLean  &  S.  J.  Cork.  1995.  Consequences  of  biotransformation  of  plant 
secondary  metabolites  on  acid-base  metabolism  in  mammals  -  a  final  common  pathway? 
J.  Chem.  Ecol.,  21:721-743. 

Hammond,  A.  C.  1995.  Leucaena  toxicosis  and  its  control  in  ruminants.  J.  Anim.  Sci., 
73:1487-1492. 

Jackson,  F.  S.  &  T.  N.  Barry.  1996.  The  extractable  and  bound  condensed  tannin  content 
of  leaves  from  tropical  tree,  shrub  and  forage  legumes.  J.  Sci.  Food  Agric.,  71 : 103-1 10. 
National  Academy  of  Sciences.  1977.  Leucaena:  promising  forage  and  tree  crop  for  the 
tropics.  Washington,  D.C.,  1 15  pp. 

Robbins,  C.  T.  1993.  Wildlife  feeding  and  nutrition.  Academic  Press,  San  Diego,  352  pp. 
Robbins,  C.  T.,  T.  A.  Hanley,  A.  E.  Hagerman,  O.  Hjeljford,  D.  L.  Baker,  C.  C.  Schwartz 
&  W.  W.  Mautz.  1987.  Role  of  tannins  in  defending  plants  against  ruminants: 
reduction  in  protein  availability.  Ecology,  68:98-107. 

SAS  Institute,  Inc.  1989.  SAS/STAT  user’s  guide.  Verion  6.  Fourth  edition.  SAS 
Institute,  Cary,  North  Carolina,  943  pp. 

Stephens,  D.  W.  &  J.  R.  Krebs.  1986.  Foraging  theory.  Princeton  University  Press, 
Princeton,  New  Jersey,  247  pp. 


DGH  at:  kfdgh00@tamuk.edu 


TEXAS  J.  SCI.  53(4):375-384 


NOVEMBER,  2001 


EFFECT  OF  VERRUCARIN  J  TOXIN 
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Abstract. -Two  sublethal  doses  of  verrucarin  J  (0.9  and  0.5  mg/kg  body  weight)  extracted 
from  rice  seeds  were  injected  intraperitoneally  to  male  mice  for  two,  four,  six  and  eight 
weeks  (for  each  dose)  and  were  compared  with  control  groups.  Thiobarbituric  acid  reactive 
substances,  total  glutathione  and  superoxide  dismutase  were  assayed  in  liver  homogenate  and 
showed  a  positive  correlation  with  verrucarin  J  metabolism  after  two,  four,  six  and  eight 
weeks.  On  the  other  hand,  urea  and  creatinine  levels  in  serum  of  treated  mice  were  in¬ 
creased  compared  with  the  controls.  After  four  weeks,  the  levels  of  the  previous  data  were 
decreased  gradually  and  became  near  from  the  levels  of  control  groups  after  eight  weeks. 
Results  indicate  that  the  second  dose  (0.5  mg/kg)  produced  biochemical  changes  less  than  the 
first  dose  (0.9  mg/kg)  in  the  mentioned  parameters. 


The  trichothecene  mycotoxins  are  a  group  of  toxic  secondary 
metabolites  characterized  by  the  tetracyclic  12,13-epoxy  trichothecenes, 
since  they  all  have  an  olefinic  bond  at  C9,10  and  the  epoxy  ring  at 
C 12, 1 3  (Bamburg  et  al.  1968).  Fungi  that  produce  toxic  trichothecenes 
(Myrothecium,  Trichothecium  and  Stachybotrys  sp.)  are  widely  dis¬ 
tributed  in  nature.  They  have  been  isolated  primarily  from  inadequately 
stored  agricultural  products  (Smalley  &  Strong  1974)  and  have  been 
identified  (Ueno  et  al.  1973).  These  species  of  fungi  are  well  known  as 
pathogenic  microbes  to  plants  which  produced  cereal  grains  or  are 
supplied  to  farm  animals  as  feed  stuffs  and  these  moldy  cereals  and 
feeds  cause  alimentary  toxicoses  in  man  and  farm  animals  (Thurman  et 
al.  1986). 

Biochemically,  the  trichothecene  compounds  are  highly  toxic  to 
eukaryotic  cells  (Gerberick  et  al.  1984)  and  immunotoxic  in  rats  and 
mice  (Tryphonas  et  al.  1986).  The  12,13-epoxy  trichothecenes  damage 
bone  marrow,  spleen,  thymus  and  lymph  nodes  (Bamburg  &  Strong 
1971)  leading  to  transient  leukocytosis  followed  by  leukopenia  and 
decrease  in  thymus  weight  (Lafont  et  al.  1977).  Beasley  et  al.  (1986) 
reported  that  many  mycotoxins  require  metabolic  activation  in  the  liver 
and  kidney,  with  plasma  have  life  ranging  from  a  few  minutes  to  several 
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hours,  in  order  to  induce  a  toxic  response.  El-Sawi  (1995)  &  Omar  et 
al.  (1990)  reported  that  T-2  toxin  and  ochratoxin-A  enhanced  lipid 
peroxidation  in  liver  and  kidney. 

One  of  the  most  important  trichothecene,  verrucarin  J  produced  by 
several  genera  of  fungi  that  may  contaminate  foods  of  both  human  and 
animal.  This  study  examined  the  effect  of  two  sublethal  doses  of  ver¬ 
rucarin  J  on  the  liver  and  kidney  in  male  mice  for  different  time  periods 
to  determine  the  biochemical  changes  in  the  mentioned  organs. 

Materials  and  Methods 

This  study  was  performed  on  160  normal  healthy  white  male  mice 
purchased  from  the  animal  house  of  Assiut  University.  Each  mouse 
weighted  20-25  g  and  was  approximately  six  weeks  of  age.  The  animals 
were  conditioned  for  two  weeks  at  room  temperature.  A  commercial 
balanced  diet  and  tap  water  ad  libitum  were  provided  throughout  the 
experiment.  The  mice  were  divided  randomly  into  two  main  groups  of 
80  mice  each.  Each  main  group  was  subdivided  into  eight  groups  of  10 
mice  each.  In  each  main  group,  four  treated  groups  of  10  mice  each, 
were  injected  intraperitoneally  with  two  doses  (each  0.9  mg/kg  and  0.5 
mg/kg  body  weight)  of  verrucarin  J  according  to  LD50  [1.0  mg/kg  body 
weight  (Hughes  et  al.  1989)]  dissolved  in  1%  DMSO  in  sterile  saline 
(Hughes  et  al.  1989)  for  different  periods  (two,  four,  six  and  eight 
weeks).  The  other  four  groups  injected  intraperitoneally  with  1% 
DMSO  in  sterile  saline  only  and  served  as  control. 

The  blood  samples  from  all  groups  were  collected  from  the  heart. 
Blood  samples  were  centrifuged  at  5000  rpm  for  10  minutes  for  separa¬ 
tion  of  serum  and  stored  at  -20 °C  until  analysis. 

Level  of  serum  urea  was  measured  according  to  Patton  &  Crouch 
(1977)  and  creatinine  level  by  the  alkaline  picrate  method  of  Husdan 
(1968). 

250  mg  of  liver  was  homogenized  [glass-glass  hand  homogenizer 
(VIRTIS,  Gardiner,  N.Y.)]  in  1.0  raL  sterile  saline  for  determination  of 
TBARS  (thiobarbituric  acid  reactive  substances)  according  to  the 
techniques  described  by  Slater  &  Sawyer  (1971).  Levels  of  total 
glutathione  were  measured  according  to  Beutler  et  al.  (1963).  In 
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addition,  superoxide  dismutase  was  assayed  by  the  method  of  Mistra  & 
Fridovich  (1972). 


Results  and  Discussion 

Lipid  peroxidation  is  an  indicator  and  a  measure  for  free  radicals  in 
biological  systems  (Esterbaur  et  al.  1988).  In  the  present  study,  the 
level  of  thiobarbituric  acid  reactive  substances,  which  are  marker  for 
lipid  peroxidation  (Frankel  1984),  has  increased  after  administration  of 
verrucarin  J  in  mice  (Figure  1).  Segal  et  al.  (1983)  reported  that  the 
trichothecene  T-2  toxin  has  a  direct  lysing  effect  on  erythrocyte  mem¬ 
branes  mediated  the  generation  of  free  radicals. 

Free  radical-induced  hemolysis  is  generally  attributed  to  oxygen- 
containing  free  radicals  which  peroxidize  the  polyunsaturated  fatty  acids 
in  the  erythrocyte  membrane  (Russanov  &  Kassabova  1982).  The 
previous  data  indicated  that  verrucarin  J  may  act  as  prooxidant  (activate 
the  peroxide  oxidation). 

The  deleterious  effect  of  the  free  radicals  is  usually  prevented  by  a 
series  of  mechanisms  including  enzymatic  defenses  such  as  superoxide 
dismutase  (SOD)  and  by  non-enzymatic  quenching  autoxidant  such  as 
glutathione  (Freeman  &  Crapo  1982). 

In  the  present  study,  the  activity  of  SOD  and  the  level  of  total 
glutathione  in  liver  tissue  (Figures  2  &  3)  were  increased  in  treated 
groups  compared  with  controls.  The  high  levels  of  total  glutathione  and 
SOD  in  the  liver  tissue  may  reflect  a  body  defense  against  oxidative 
toxicants.  Fridovich  (1989)  observed  that  induction  of  SOD  was 
correlated  with  resistance  acquisition  against  dioxygen  and  xenobiotic 
free  radical  dependent  toxicity  in  bacteria.  Similar  correlation  of 
increased  SOD  and  lipid  hydroperoxide  level  was  noticed  in  skin 
inflammatory  diseases.  This  was  of  high  prognostic  value,  whereas,  the 
lower  SOD  with  a  higher  hydroperoxides  was  of  poor  prognostic 
evidence  (Niwa  et  al.  1987). 

From  the  data  in  Table  1  &  2,  the  harmful  effects  of  free  radicals 
were  decreased  gradually.  The  "oxidant-antioxidant  balance"  can 
explain  these  results. 
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Figure  1.  Effect  of  Verrucarin  J  [(1)  0.9  mg/kg]  and  [(2)  0.5  mg/kg]  on  TBARS  level  in 
treated  groups  compared  with  the  control  groups. 
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Figure  2.  Effect  of  Verrucarin  J  [(1)  0.9  mg/kg]  and  [(2)  0.5  mg/kg]  on  SOD  level  in 
treated  groups  compared  with  the  control  groups. 
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Figure  3.  Effect  of  Verrucarin  J  [(1)  0.9  mg/kg]  and  [(2)  0.5  mg/kg]  on  total  glutathione 
level  in  treated  groups  compared  with  the  control  groups. 
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Table  1.  Levels  of  Lipid  Peroxidation  Parameters  in  Liver  Tissue  Homogenate  of  Male  Mice  Treated  with  Verrucarin  J  (0.9  mg/kg  Body 
Weight) .  _ _ _ _ _ _ _ 

Two  Weeks _ Four  Weeks _ Six  Weeks _ Eight  Weeks 

Parameters  Control  Treated  Control  Treated  Control  Treated  Control  Treated 


380 


THE  TEXAS  JOURNAL  OF  SCIENCE- VOL.  53,  NO.  4,  2001 


Two  Four  Six 

Period  (Weeks) 


Eight 


Figure  4.  Effect  of  Verrucarin  J  [(1)  0.9  mg/kg]  and  [(2)  0.5  mg/kgj  on  urea  level  in  treated 
groups  compared  with  the  control  groups. 


Urea,  an  end  product  of  protein  metabolism  is  excreted  by  the  kidney. 
The  urea  concentration  in  the  glomerular  filtration  is  the  same  as  in  the 
plasma.  Tubular  reabsorption  of  urea  varies  inversely  with  the  rate  of 
urine  flow.  Thus,  urea  is  a  less  useful  measure  of  glomerular  filtration 

than  is  creatinine,  which  is  not  reabsorbed.  Peter  &  Anthony  (1982) 
reported  that  blood  urea  nitrogen  varies  directly  with  protein  uptake  and 
inversely  with  the  rate  of  excretion  of  urea.  In  the  present  study,  the 
urea  level  (Figure  4)  was  increased  after  administration  of  verrucarin  J 
in  mice,  the  possible  reasons  were  increase  of  renal  insufficiency, 
nephritis,  acute  and  chronic  renal  failure  or  as  a  result  of  increasing 
nitrogen  metabolism  associated  with  diminished  renal  blood  flow  or 
impaired  renal  function  dehydration. 

Serum  creatinine  measurement  is  used  as  an  index  of  renal  function; 
this  is  possible  because  creatinine  production  and  excretion  are  reason¬ 
ably  constant  in  the  absence  of  muscle  disease.  From  the  data  in  Tables 
3  &  4  and  Figure  5,  it  is  shown  that  the  creatinine  level  was  increased 
after  intraperitoneally  injection  of  verrucarin  J  in  mice.  This  is  possibly 
attributed  to  renal  insufficiency,  urinary  tract  obstruction,  and  impair¬ 
ment  of  renal  function  induced  by  this  toxin. 

The  results  in  Tables  2  and  4  indicated  that  the  second  dose  (0.5 
mg/kg  body  weight)  produced  biochemical  changes  which  were  less  than 
the  first  dose  (0.9  mg/kg  body  weight)  in  the  mentioned  parameters. 
This  may  be  attributed  to  the  rate  of  distribution,  biotransformation  by 
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Table  3.  The  Effect  of  Verrucarin  J  (0.9  mg/kg  Body  Weight)  on  Kidney  Functions  Parameters  in  Sera  of  Male  Mice. 
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Figure  5.  .Effect  of  Verrucarin  J  [(1)  0.9  mg/kg]  and  [(2)  0.5  mg/kg]  on  creatinine  level  in 
treated  groups  compared  with  the  control  groups. 


tissue  cells  and  the  rate  of  elimination  of  verrucarin  J  by  kidney. 

Although,  the  metabolism  of  verrucarin  J  is  not  known  until  now, 
from  the  previous  data  and  as  a  result  of  the  gradually  recovery  after 
four,  six  and  eight  weeks,  verrucarin  J  may  be  converted  into  another 
form  which  is  less  cytotoxic  metabolite  by  metabolism  or  due  to  the 
ability  of  body  to  adapt  verrucarin  J  effect  via  its  detoxification  in  the 
liver  or  its  excretion  by  the  kidney. 

In  conclusion,  this  study  is  considered  as  a  preliminary  reported 
confirming  the  existence  of  certain  effect  on  lipid  peroxidation  and 
kidney  function  following  verrucarin  J  toxin  administration.  However, 
additional  study  will  be  required  to  determine  the  liver  function  changes, 
apoprotein,  lipoprotein  and  DNA  changes. 
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GENERAL  NOTES 


SIZE  AND  BIOMASS  RELATIONSHIPS  FOR  FIVE  COMMON 
NORTHERN  CHIHUAHUAN  DESERT  PLANT  SPECIES 

Joseph  D.  White 

Baylor  University,  Department  of  Biology 
Waco,  Texas  76798 


Allometric  equations  are  commonly  utilized  to  estimate  plant  biomass 
from  measured  species  attributes  such  as  height,  canopy  width,  and  root 
collar  diameters.  These  same  attributes  are  also  commonly  measured  as 
part  of  plant  community  surveys  where  they  may  be  used  as  stand  alone 
variables  to  determine  dominance  within  a  community.  Published 
allometric  relationships  that  estimate  biomass  from  plant  size  and  shape 
for  desert  plants  (Smith  &  Ludwig  1976;  Neuensch wander  et  al.  1978; 
Felker  et  al.  1982;  Hughes  et  al.  1987)  are  mostly  limited  to  dominant 
or  agriculturally  important  species.  The  scarcity  of  allometric  equations 
coupled  with  the  diversity  of  desert  plant  species  make  estimation  of 
biomass  accumulation  and  productivity  difficult  (Navar  et  al.  2001). 
Therefore,  more  information  is  needed  on  plant  size  and  biomass 
relationships  in  order  to  refine  plant  production  estimates  in  deserts  for 
conservation  of  plant  communities  and  wildlife. 

Allometric  equations  were  developed  for  several  common  Chihuahuan 
species  for  the  purpose  of  estimating  standing  crop  from  plant  character¬ 
istics  typically  collected  in  plot  surveys.  Maximum  height,  basal 
diameter  (root  collar  at  ground  surface  or  grass  clump  in  the  case  of 
Bouteloua  ramosa) ,  and  maximum  canopy  diameter  were  measured  for 
five  species  during  May  2000.  At  Big  Bend  National  Park  (BBNP),  two 
to  three  samples  of  B.  ramosa  and  Agave  lechuguilla  were  harvested  at 
four  different  sites  for  a  total  of  ten  plants  per  species.  Plants  were 
clipped  at  ground  level.  However  for  A.  lechuguilla ,  roots  >  1  mm  in 
diameter  (estimated  visually)  were  also  harvested  by  carefully  excavating 
soil  beneath  the  plants  with  a  shovel  and  gently  removing  soil  from  the 
roots  by  hand.  In  general,  root  systems  of  A.  lechuguilla  were  found  to 
be  shallow  with  lateral  roots  extending  two  to  three  times  the  width  of 
the  plant  canopy.  The  four  sites  were  mostly  homogeneous,  charac¬ 
terized  as  lowland  grass  and  shrub  communities.  Canopy  cover 
measured  for  the  sites  was  variable,  ranging  from  17  to  76%.  All 
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samples  for  each  species  collected  were  pooled  for  statistical  analysis 
(S-Plus,  MathSoft,  Inc.,  Cambridge,  Massachusetts). 

On  a  private  ranch  in  Midland  County,  Texas,  five  to  six  plants  per 
species  were  collected,  also  in  May  2000,  including  Acacia  greggi , 
Dalea  frutescens  and  Condalia  ericoides.  Shrubs  were  clipped  at  ground 
level  with  all  above  ground  parts  including  branches,  stems  and  leaves 
collected.  All  specimens  from  were  dried  at  60 °C  to  a  constant  mass 
and  weighed  to  the  nearest  0.01  g.  Samples  chosen  for  this  analysis 
represent  the  range  of  plant  sizes  encountered  within  the  region  based 
on  experience  with  fieldwork  that  occurred  in  conjunction  with  this  study 
involving  measuring  the  same  plant  attributes  at  over  50  sites.  All  plants 
collected  were  judged  to  be  in  good  condition  at  the  time  of  harvest  and 
were  located  in  similar  terrain  and  environments.  Ages  of  samples  were 
not  determined,  however  the  largest  specimen  of  A.  greggi  had  less  than 
25  annual  rings  at  the  soil  surface  stem  cross  section. 

Initial  comparison  of  plant  height,  basal  and  canopy  diameters  with 
biomass  indicated  an  exponential  relationship,  therefore  linear  regression 
models  were  calculated  based  on  a  natural  log-log  transformation  with 
biomass  as  the  dependent  variable  (lny=lnb0  +  xb]).  Best-fit  models 
were  identified  using  a  stepwise  linear  regression  method  with  log- 
transformed  height,  maximum  canopy  width  and  basal  diameter  as 
independent  variables.  Mallow’s  Cp  statistic  was  utilized  to  assess  the 
independent  variable  that  predicted  biomass  most  reliably.  However, 
only  single  variable  models  were  assessed  to  minimize  overfitting  errors 
associated  with  the  small  samples  of  this  study. 

The  linear  regression  modeling  results  showed  that  different  plant 
attributes  for  each  species  predicted  biomass  best  (Table  1;  e.g.,  height 
as  the  best  predictor  for  in  B.  ratnosa  and  A.  greggi ,  maximum  canopy 
width  for  D.  frutescens  and  C.  ericoides).  For  A.  lechuguilla ,  the  width 
of  the  plant  at  the  soil  surface  was  strongly  correlated  with  above 
ground,  below  ground,  and  total  plant  biomass. 

Variation  among  species  with  respect  to  which  plant  attribute  was 
more  closely  related  to  biomass  is  partially  attributed  to  the  small  sample 
size.  However,  the  size  of  the  standard  error  of  the  estimate  (SEE)  was 
small  relative  to  the  size  of  plants  used  in  this  analysis  indicating  a  very 
conservative  relationship.  More  likely,  the  difference  among  species  is 
related  to  individual  differences  in  pre-defined  growth  form,  competi- 
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Table  1 .  Best-fit  regression  models  are  presented  predicting  biomass  from  plant  attributes 
for  Chihuahuan  Desert  species  collected  at  Big  Bend  National  Park  and  Midland  County, 
Texas  during  May  2000.  Abbreviations  within  the  equations  are  wt  =  weight  (g), 
ht= height  (cm),  can  =  maximum  canopy  width  (cm),  and  bas  =  diameter  of  plant  part 
(either  stems  or  leaf  blades)  at  the  soil  surface  (cm). 


Sp 

Regression  Model 

r2 

SEE 

P 

Biomass  Range  (g) 

Min  Max 

n 

Bouteloua  ramosa 

loge(wt)  =  0.12(ht)  -  1.86 

0.94 

0.31 

<0.00001 

2.74 

146.71 

10 

Agave  lechuguilla 
above 

loge(wt)  —  0.49(bas)  +  2.41 

0.97 

0.22 

<0.00001 

21.71 

1388.51 

10 

below 

•oge(wt)  =  0.48(bas)  +  0.61 

0.91 

0.40 

<0.00001 

2.34 

127.06 

10 

total 

logeiwt)  =  0.49(bas)  +  2.57 

0.97 

0.23 

<0.00001 

24.05 

1515.57 

10 

Acacia  greggi 

loge(wt)  =  0.05(ht)  +  2.61 

0.98 

0.19 

0.00002 

62.04 

1434.84 

5 

Dalea  frutescens 

lo&Xwt)  =  0.08(can)  -  0.65 

0.94 

0.45 

0.00136 

3.47 

220.61 

6 

Condalia  ericoides 

logiwt)  =0.04  (can)  +  2.87 

0.99 

0.07 

0.00009 

117.32 

1074.98 

5 

tion,  and  response  to  local  resources.  For  example,  canopy  or  basal 
diameter  was  assumed  to  be  an  important  predictor  biomass  in  B. 
ramosa  due  to  its  caespitose  form,  however  height  was  the  best  predictor 
in  this  analysis.  The  rate  at  which  a  grass  canopy  expands  in  this 
environment  is  possibly  limited  by  soil  erosion  during  flash  flooding 
(Devine  et  al.  1998)  and  infrequent  fires  (McPherson  1995).  Therefore, 
the  height  of  the  grass  is  probably  a  better  indicator  of  site  production 
as  there  is  greater  flexibility  to  grow  taller  rather  than  wider. 

The  relationship  between  structural  characteristics  and  weight  varied 
among  shrubs  species  possible  due  to  differences  in  biomass  allocation 
between  canopy  and  roots.  Height  was  the  best  predictor  of  biomass  in 
A.  greggi ,  a  feature  possibly  related  to  the  deep-rooted  habit  of  this 
species  (McAuliffe  1995)  where  greater  water-availability  may  lead  to 
taller  plants.  Alternatively,  roots  are  a  reflection  of  above  ground 
allocation  patterns.  Hughes  et  al.  (1987)  found  that  canopy  width  was 
highly  predictive  of  biomass  in  similar  acacia  species  in  south  Texas 
thorny  woodlands.  The  relationship  between  canopy  width  and  biomass 
in  D.  frutescens  and  C.  ericoides  is  likely  to  be  related  to  the  shallow 
rooting  depth  of  these  species.  Canopy  width  and  shallow  roots  are 
related  as  the  spread  of  canopy  is  important  for  maximizing  radiation 
absorption  and  shallow  roots  support  rapid  foliage  production  following 
rainy  periods  (Burgess  1995). 

With  A.  lechuguilla,  the  high  correlation  between  basal  diameter  and 
above-  and  below-ground  biomass  may  be  due  to  the  size  of  the  leaves 
as  they  exit  the  soil  from  the  underground  central  stem  structure.  There¬ 
fore,  the  base  of  the  canopy  at  the  soil  surface  is  the  location  of  most  of 
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the  plant’s  biomass.  Likewise,  the  relationship  of  the  below  ground 
biomass  with  basal  diameter  is  probably  related  to  the  size  of  the 
underground  stem  with  some  conservation  between  the  number  and  size 
of  roots  and  above  ground  foliage.  The  root  to  shoot  ratios  of  A. 
lechuguilla  ranged  from  0.21  to  0.09  with  an  average  value  of  0.14 
indicating  a  very  limited  allocation  of  biomass  to  below  ground  struc¬ 
tures.  These  values  are  larger  than  the  average  0.06  measured  in  A. 
lechuguilla  populations  of  the  Sonoran  desert  (Nobel  &  North  1996). 
However,  it  is  uncertain  whether  other  researchers  consider  the  large 
underground  stem  part  of  the  root  structure  as  was  done  in  this  study. 
These  values  are  still  quite  small  compared  with  desert  shrubs  such  as 
Larrea  tridentata  which  may  allocate  as  much  as  60%  of  biomass  to 
roots  (Walker  &  Freeman  1983). 

The  correlation  between  plant  attributes  and  biomass  found  in  this 
study  were  high  with  r2  values  ranging  from  0.91  to  0.99.  Other 
studies  on  allometric  relationships  in  desert  plants  also  demonstrate 
similar  strong  correlation.  For  example  the  biomass  of  Hughes  et  al. 
(1987)  A.  rigidula  and  A.  berlandieri  were  highly  correlated  (r2=0.97 
and  0.90,  respectively)  with  canopy  width  based  on  a  log-log  trans¬ 
formation  of  the  dependent  and  independent  variables  as  with  this  study. 
Felker  et  al.  (1982)  demonstrated  that  the  dry  matter  weight  of  Prosopis 
species  from  South  America  was  highly  correlated  (r 2 =0.99)  with  stem 
diameter  based  on  a  log-log  transformation  as  well.  This  predictability 
also  extends  to  other  desert  species  such  as  Opuntia  where  the  fresh 
weights  of  cladodes  are  correlated  with  cladode  width  (r2=0.93) 
although  this  relationship  varies  annually  (Han  &  Felker  1997).  While 
grass  and  forb  species  also  demonstrate  high  correlation  with  cover  and 
biomass  (Payne  1974),  non- woody  species  have  greater  annual  varia¬ 
bility  in  allometric  relationships  with  respect  to  prediction  and 
correlation  coefficient  values  (Johnson  et  al.  1988).  While  the  statistical 
analysis  in  this  study  indicates  robust  relationships  between  plant 
attributes  and  biomass,  caution  should  be  used  in  calculating  biomass 
from  data  collected  beyond  the  geographical  region  of  this  study.  In 
addition,  seasonal  variability  in  B.  ramosa ,  and  to  a  lesser  degree  A. 
lechuguilla ,  will  influence  prediction  accuracy. 
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